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ABSTRACT

PROBLEM TO BE SOLVED: To improve the field effect mobility by forming an

active layer so that its grain boundaries are oriented in substantially one

direction and formed as a crystal structure of aggregated acicular or

columnar crystals approximately parallel to a substrate.

SOLUTION: The configuration of an active layer is important. At

crystallizing e.g. acicular or columnar crystals grow approximately in one

direction to an Ni-added region 302. An island like semiconductor 304 is

configured to arrange channels and the crystal grain boundary of the

acicular or columnar crystals substantially in one direction. An a

post-process, it is heat-treated in a halogen atmosphere to remove a metal

element e.g. Ni in the active layer to reduce the Ni concentration to



1X10 (sup 16) -5X10 (sup 17) atoms/cm (sup 3). The standard deviation of the

S-value showing electric characteristics of a TFT can remain within

10mV/dec in an n-type and within 15mV/dec in a p-channel type.
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is hea*t-treated in a halogen atmosphere to remove a metal element e.g. Ni in the

active layer to reduce the Ni concn. to 1x1016-5*1017 atoms/cm3. The standard

deviation of the S-value showing electric characteristics of a TFT can remain

within 10mV/dec in an n-type and within 15mV/dec in a p-channel type.
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«* NOTICES *

Japan Patent Office is not responsible for any
damages caused by the use of this translation.

1 . This document has been translated by computer.So the translation may not reflect the

original precisely.

2 **** shows the word which can not be translated.

3.In the drawings, any words are not translated.

CLAIMS

[Claim(s)]

[Claim 1] The barrier layer which becomes by the crystalline silicon film formed on the

base which has an insulating front face, The gate insulator layer formed in the

aforementioned barrier-layer front face, and the gate electrode on the aforementioned

gate insulator layer, ** — metallic element which is the insulated-gate type

semiconductor device which it has even if few, and promotes crystallization in the

aforementioned barrier layer It exists by the concentration of 1x1016 -5x1017

atoms/cm3. The semiconductor device to which standard deviation of the S value

showing an electrical property is characterized by fitting in less than 15 mV/dec in less

than 10 mV/dec and/or a P channel type with an N channel type.

[Claim 2] The barrier layer which becomes by the crystalline silicon film formed on the

base which has an insulating front face, The gate insulator layer formed in the

aforementioned barrier-layer front face, and the gate electrode on the aforementioned

gate insulator layer, ** - metallic element which is the insulated-gate type

semiconductor device which it has even if few, and promotes crystallization in the

aforementioned barrier layer It exists by the concentration of 1x1016 - 5x1017

atoms/cm3. The semiconductor device characterized by settling the S value showing an

electrical property in less than 80**45 mV/dec with an N channel type in less than

80**30 mV/dec and/or a P channel type.

[Claim 3] The barrier layer which becomes by the crystalline silicon film formed on the

base which has an insulating front face, The gate insulator layer formed in the

aforementioned barrier- layer front face, and the gate electrode on the aforementioned

gate insulator layer, ** — metallic element which becomes with the structure which it had

even if few, and promotes crystallization in the aforementioned barrier layer It exists by

the concentration of 1x1016 -5x1017 atoms/cm3. And the semiconductor device

characterized by for the standard deviation of the S value showing an electrical property

having the insulated-gate type semiconductor device settled in less than 15 mV/dec, and

consisting ofN channel types with less than 10 mV/dec and/or a P channel type.

http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwvw6.ipdLjpo.go.jp%2FTokujiti... 6/23/03
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[Clairh 4] The barrier layer v.nich becomes by the crystalline simoon film formed on the

base which has an insulating front face, The gate insulator layer formed in the

aforementioned barrier-layer front face, and the gate electrode on the aforementioned

gate insulator layer, ** - metallic element which becomes with the structure which it had

even if few, and promotes crystallization in the aforementioned barrier layer It exists by

the concentration of 1x1016 - 5x1017 atoms/cm3. And the semiconductor device

characterized by for the S value showing an electrical property having the insulated-gate

type semiconductor device settled in less than 80**45 mV/dec, and consisting ofN
channel types with less than 80**30 mV/dec and/or a P channel type.

[Claim 5] It is the semiconductor device characterized by consisting of thermal oxidation

films which the aforementioned gate insulator layer oxidized thermally the oxide film and

the aforementioned barrier layer which formed membranes by the gaseous-phase method

in the claim 1 or the claim 4, and were obtained.

[Claim 6] The semiconductor device characterized by the metallic element which

promotes crystallization to high concentration existing in the aforementioned thermal

oxidation film in a claim 5 rather than the inside of the oxide film which formed

membranes by the describing [ above ]
gaseous-phase method.

[Claim 7] a claim 1 or a claim 4 -- setting - the aforementioned barrier layer ~ the

aforementioned base and an outline — the parallel crystal structure object with which

needlelike or a columnar crystal is constituted by gathering — it is — the above -

needlelike or the semiconductor device characterized by being controlled so that a

columnar crystal gathers in the outline 1 direction, and extends and the directivity has a

specific angle to the direction of a channel

[Claim 8] a claim 1 or a claim 4 - setting - the aforementioned barrier layer - the

aforementioned base and an outline — the parallel crystal structure object with which

needlelike or a columnar crystal is constituted by gathering - it is - the above -

needlelike or the semiconductor device characterized by being controlled so that a

columnar crystal gathers in the outline 1 direction, and extends and the directivity carries

out outline coincidence with the direction of a channel

[Claim 9] The process which forms a thermal oxidation film in the interface of the

aforementioned barrier layer and the aforementioned gate insulator layer while carrying

out gettering removal of the aforementioned metallic element in the aforementioned

barrier layer by performing 2nd heat-treatment into the atmosphere characterized by

providing the following, The process which improves the membraneous quality of the

aforementioned gate insulator layer which includes the aforementioned thermal oxidation

film by 3rd heat-treatment in nitrogen-gas-atmosphere mind, and the state of an interface,

** — even if few, pass - it produces — having - the aforementioned barrier layer - the

grain boundary - outline 1 direction — a set and the aforementioned base, and an outline

- the parallel semiconductor device characterized by needlelike or being the crystal

structure object with which a columnar crystal is constituted by more than one gathering

http://www4jpdljpo.go.jp/cgi-bin/ta^ 6/23/03
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The process which forms an amorphous silicon film on the bas^ //hich has an insulating

frpnt face. The process which forms a mask insulator layer alternatively on the

aforementioned amorphous silicon film. The process which maizes the metallic element

which promotes crystallization to the aforementioned amorphous silicon film hold

alternatively. The process which carries out conversion of some aforementioned

amorphous silicon films [ at least ] to a crystalline silicon film by 1st heat-treatment, the

process which removes the aforementioned mask insulator layer, the process which forms

the barrier layer constituted only from an aforementioned crystalline silicon film by

patterning, the process which forms a gate insulator layer on the aforementioned barrier

layer, and a halogen.

[Claim 10] It is the semiconductor device characterized by performing 1st heat-treatment

by the temperature requirement of450 - 700 **, and performing the 2nd or 3rd heat-

treatment by the temperature requirement exceeding 700 ** in a claim 9.

[Claim 1 1] In a claim 9, the metallic element which promotes crystallization in the

aforementioned barrier layer 1x1016-5x1017 atoms/cm3 Semiconductor device to

which standard deviation of the S value which exists by concentration and expresses an

electrical property is characterized by fitting in less than 15 mV/dec in less than 10

mV/dec and/or a P channel type with an N channel type.

[Claim 12] In a claim 9, the metallic element which promotes crystallization in the

aforementioned barrier layer 1x1016 - 5x1017 atoms/cm3 Semiconductor device

characterized by settling the S value which exists by concentration and expresses an

electrical property in less than 80**45 mV/dec with an N channel type in less than

80**30 mV/dec and/or a P channel type. [Claim 13] Setting to a claim 1, a claim 4, a

claim 7, or a claim 9, the length of the channel formation field of the aforementioned

barrier layer is 0.01-2. Semiconductor device characterized by being mum.

[Claim 14] In a claim 1, a claim 4, a claim 7, or a claim 9, a kind or two or more kinds of

elements which were chosen from CI, F, and Br in the aforementioned barrier layer

1x1015 - 1x1020 atoms/cm3 Semiconductor device characterized by existing by

concentration.

[Claim 15] It is the semiconductor device which a kind or two or more kinds of elements

which were chosen from CI, F, and Br are contained in the aforementioned barrier layer

in a claim 1, a claim 4, a claim 7, or a claim 9, and is characterized by distributing the

aforementioned element over high concentration at the interface of the aforementioned

barrier layer and the aforementioned gate insulator layer.

[Claim 16] The semiconductor device characterized by the metallic element which

promotes the aforementioned crystallization being a kind or two or more kinds of

elements which were chosen from Fe, Co, nickel, Ru, Rh, Pd, Os, Ir, Pt, Cu, and Au in a

claim 1, a claim 4, a claim 6, or a claim 9.

[Claim 17] It is the semiconductor device characterized by for the aforementioned

crystalline silicon film crystallizing the amorphous silicon film which formed membranes

http://wvw4jpdljpo.gojp/cgi-bir^^ 6/23/03
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by reduced pressure heat C . J in a claim 1, a claim 4, or a clai^ 9, and being obtained.

[Claim 18] The process which forms a thermal oxidation film in the interface of the

aforementioned barrier layer and the aforementioned gate insulator layer while carrying

out gettering removal of the aforementioned metallic element in the aforementioned

barrier layer by performing 2nd heat-treatment into the atmosphere characterized by

providing the following, The process which improves the membraneous quality of the

aforementioned gate insulator layer which includes the aforementioned thermal oxidation

film by 3rd heat-treatment in nitrogen-gas-atmosphere mind, and the state of an interface,

** __ even if few ~ having ~ the aforementioned barrier layer ~ the grain boundary —

outline 1 direction - a set and the aforementioned base, and an outline - the production

method of the parallel semiconductor device characterized by needlelike or being the

crystal structure object with which a columnar crystal is constituted by more than one

gathering The process which forms an amorphous silicon film on the base which has an

insulating front face in producing the semiconductor device which has the barrier layer

which becomes by the semiconductor thin film. The process which forms a mask

insulator layer alternatively on the aforementioned amorphous silicon film. The process

which makes the metallic element which promotes crystallization to the aforementioned

amorphous silicon film hold alternatively. The process which carries out conversion of

some aforementioned amorphous silicon films [ at least ] to a crystalline silicon film by

1st heat-treatment, the process which removes the aforementioned mask insulator layer,

the process which forms the barrier layer constituted only from an aforementioned

crystalline silicon film by patterning, the process which forms a gate insulator layer on

the aforementioned barrier layer, and a halogen.

[Claim 19] The process which forms the gate insulator layer which consists of only

thermal oxidation films while carrying out gettering removal of the aforementioned

metallic element in the aforementioned barrier layer by performing 2nd heat-treatment

into the atmosphere characterized by providing the following, The process which

improves the membraneous quality of the aforementioned gate insulator layer, and the

state of an interface by 3rd heat-treatment in nitrogen-gas-atmosphere mind, ** - even if

few ~ having - the aforementioned barrier layer - the grain boundary - outline 1

direction - a set and the aforementioned base, and an outline - the production method of

the parallel semiconductor device characterized by needlelike or being the crystal

structure object with which a columnar crystal is constituted by more than one gathering

The process which forms an amorphous silicon film on the base which has an insulating

front face in producing the semiconductor device which has the barrier layer which

becomes by the semiconductor thin film. The process which forms a mask insulator layer

alternatively on the aforementioned amorphous silicon film. The process which makes

the metallic element which promotes crystallization to the aforementioned amorphous

silicon film hold alternatively. The process which carries out conversion of some

aforementioned amorphous silicon films [ at least ] to a crystalline silicon film by 1st

http://www4.ipdl.j po.go j p/cgi-bin/tran_web_cgi_ejje?u=http%3
A%2F%2Fwww6.ipdl jpo.go.jp%2FTokuj iti. .. 6/23/03
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heat-treatment, the process ach removes the aforementioned ask insulator layer, the

process which forms the barrier layer constituted only from an aforementioned crystalline

silicon film by patterning, and a halogen. r

[Claim 20] It is the production method ofthe semiconductor device characterized by

basing the membrane formation method of the aforementioned amorphous silicon film on

reduced pressure heat CVD in a claim 18 or a claim 19.

[Claim 21] The production method of the semiconductor device characterized by using a

kind or two or more kinds of elements which were chosen from Fe, Co, nickel, Ru, Rh,

Pd, Os, Ir, Pt, Cu, and Au in the claim 18 or the claim 19 as a metallic element which

promotes crystallization.

[Claim 22] The atmosphere which contains a halogen in a claim 18 or a claim 19 is HC1,

HF, HBr, C12, CIF3, BC13, NF3, F2, and Br2 in oxygen atmosphere. The production

method of the semiconductor device characterized by adding a kind or two or more kinds

of gas chosen from the included compound.

[Claim 23] It is the production method ofthe semiconductor device characterized by

performing 1st heat-treatment by the temperature requirement of450 - 700 **, and

performing the 2nd or 3rd heat-treatment by the temperature requirement exceeding 700

** in a claim 18 or a claim 19.

[Translation done.]
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* NOTCTCES *

Japan Patent Office -is not responsible for any
damages' caused by the use of this translation.

l.This document has been translated by computer. So the translation may not reflect the

original precisely.

2 * * * * snows the word which can not be translated.

3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[The technical field to which invention belongs] Invention indicated on these

specifications relates to the semiconductor device which makes a barrier layer the

semiconductor thin film formed on the base which has an insulating front face. It is

related with the TFT which constituted the barrier layer from a crystalline silicon film

especially.

[0002]

[Description of the Prior Art] In recent years, the technology which constitutes TFT
(TFT) using the semiconductor thin film (number of thickness 100- about thousands ofA)

formed on the base which has an insulating front face attracts attention. TFT is widely

applied to an electron device like IC or electro-optics equipment, and development is

especially hurried as a switching element of image display equipment.

[0003] For example, the attempt which applies TFT to all electrical circuits, such as a

pixel matrix circuit which controls separately the pixel field arranged in the shape of a

matrix in the liquid crystal display, a drive circuit which controls a pixel matrix circuit,

and logical circuits (a processor circuit, memory circuit, etc.) which process the data

signal from the outside further, is made.

[0004] In the present condition, although TFT using the amorphous silicon film

(amorphous silicon film) as a barrier layer is put in practical use, TFT using the

crystalline silicon film (polysilicon contest film) is needed for the electrical circuit whictr

can ask for the further high-speed operation performance like a drive circuit or a logical

circuit.

[0005] The technology indicated by JP,6-232059,A by these people and JP,6-244103,A

as a method of forming a crystalline silicon film on a base is well-known. The technology

indicated by this official report makes it possible to form the crystalline outstanding

crystalline silicon film by 500 - 600 ** and heat-treatment of about 4 hours by using the

metallic element (especially nickel) which promotes crystallization of silicon.

http://www4 . ipdl .j po .goj p/cgi-bin/tran_web_c gi_ejj e
6/23/03



Page 2 of 29

{0006'] moreover, the technology indicated by JP,7-321339,A -- the above-mentioned

technology ~ applying ~ a base ~ an outline - it is made to perform an parallel crystal

growth and artificers are calling especially the formed crystallization field horizontal

growth field (or lateral growth field)

[0007] However, even if it constitutes a drive circuit using such TFT, it is not necessary

to fill completely the performance demanded still more. Especially the thing for which

the high-speed logical circuit of which the very highly efficient electrical property which

realizes simultaneously high-speed operation and a high proof-pressure property is

required is constituted from conventional TFT is impossible for the present condition.

[0008]

[Problem(s) to be Solved by the Invention] As mentioned above, in order to attain highly

efficient-ization of electro-optics equipment etc., you have to realize TFT which has the

performance which is equal to MOSFET formed using the single crystal silicon wafer.

[0009] Then, invention indicated on these specifications makes it a technical problem to

offer the very highly efficient thin-film-semiconductor equipment used as the

breakthrough for realizing further highly efficient-ization of electro-optics equipment,

and its production method.

[0010]

[Means for Solving the Problem] By the conventional method, it is possible that

improvement in the electric field effect mobility which is one of the parameters with

which capture is carried out and a carrier (an electron or electron hole) shows a TFT

property in the grain boundary as a reason which was not able to obtain the above highly

efficient TFT was barred.

[001 1] For example, much azygos joint hands (dangling bond) of a silicon atom and

defective (capture) level exist in the grain boundary. Therefore, since the trap of it will be

easily carried out to an azygos joint hand, defective level, etc. if the carrier which moves

in each interior of a crystal approaches or contacts the grain boundary, it is thought that

the grain boundary was served as "the malignant grain boundary" which checks

movement of a carrier.

[0012] In order to realize the semiconductor device of this invention, the technology for

making such "the malignant grain boundary" change structurally, and carrying out

conversion to "the benign grain boundary" for a carrier is indispensable. That is, it can be

said that it is important that the probability of capturing a carrier at least forms the grain

boundary with possibility it is small and small of barring movement of a carrier.

[0013] Therefore, the composition of invention indicated on these specifications The

process which forms an amorphous silicon film on the base which has an insulating front

face in producing the semiconductor device which has the barrier layer which becomes

by the semiconductor thin film, The process which forms a mask insulator layer

alternatively on the aforementioned amorphous silicon film, and the process which makes

the metallic element which promotes crystallization to the aforementioned amorphous

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/23/03
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silicon film hold alternative^, The process which carries out conversion of some

Aforementioned amorphous silicon films [ at least ] to a crystalline silicon film byjst

heat-treatment, The'process which removes the aforementioned mask insulator layer, and

the process which forms the barrier layer constituted only from an aforementioned

crystalline silicon film by patterning, The process which forms a thermal oxidation film

in the interface of the aforementioned barrier layer and the aforementioned gate insulator

layer while carrying out gettering removal of the aforementioned metallic element in the

aforementioned barrier layer by performing 2nd heat-treatment into the process which

forms a gate insulator layer on the aforementioned barrier layer, and the atmosphere

containing a halogen, The process which improves the membraneous quality of the

aforementioned gate insulator layer which includes the aforementioned thermal oxidation

film by 3rd heat-treatment in nitrogen-gas-atmosphere mind, and the state of an interface,

** — even if few - having ~ the aforementioned barrier layer — the grain boundary -

outline 1 direction ~ a set and the aforementioned base, and an outline ~ it is

characterized by the parallel thing been needlelike or the crystal structure object with

which a columnar crystal is constituted by more than one gathering

[0014] If a crystalline silicon film is formed by the production method according to the

above composition, the thin film of appearance as shown in drawing_9 will be obtained,

an expansion microphotography when drawing 9 carries out this invention using

technology given in JP,7-321339,A as a crystallization means of an amorphous silicon

film - it is - 10-100 length - the horizontal growth field 901 which also amounts to

dozens of micrometers is formed

[0015] In addition, this horizontal growth field 901 has needlelike or the feature that

crystal orientation has gathered, in order that the columnar crystal may carry out the

crystal growth to outline parallel almost perpendicularly and mutually to the field (shown

by 902) which added the metallic element which promotes crystallization. Moreover, the

macroscopic grain boundary (it distinguishes from the grain boundary between needlelike

or a columnar crystal) which has been prolonged from the addition field 902 which faced

each other and in which needlelike or the columnar crystal collided and was formed is

shown by 903.

[0016] Furthermore, the transverse-electromagnetic photograph to which the interior of

crystal grain was further expanded to the detailed field paying attention to the interior of

the horizontal growth field shown in drawing.9 is drawing. 10 .

[0017] That is, although the crystalline silicon film of this invention looks [ consist of/

big horizontal growth fields 901 / like drawing 9 ] macroscopic, if the horizontal growth

field 901 is observed microscopically in fact, as shown in drawing 10 ,
they are

needlelike or the crystal structure object with which a columnar crystal 1001 is

constituted by more than one gathering.

[0018] moreover, that it is needlelike that drawing 10 is shown by 1002 needlelike from

the direction where it is the grain boundary which shows the boundary of columnar

http://vAvw4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/23/03
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"crystals, and the grain boundary 1002 is prolonged or a columnar crystal 1001 -- mutual -

- an outline - it can check having carried out the crystal growth in the parallel direction

In addition, the grain boundary in this specification points out the boundary of needlelike

or columnar crystals, as long as there is no notice.

[0019] moreover, gettering removal of the metallic element (let nickel be the main

example) which promotes crystallization by heat-treatment by the atmosphere in which

the semiconductor device of this invention contains a halogen is carried out --5x1017

atoms/cm3 Nickel which remained by the above concentration 1x1016-5x1017

atoms/cm3 (preferably below the spin density in a barrier layer) decrease.

[0020] Of course, it is thought that gettering removal also of the metallic elements (Cu,

aluminum, etc.) besides having mixed by contamination etc. (it not adding intentionally)

is carried out similarly.

[0021] Moreover, it is expected at this time that it combines with oxygen and the azygos

joint hand of a silicon atom forms an oxide (oxidization silicon) between heat-treatment.

Consequently, oxidization silicon is formed in the field which was "the malignant grain

boundary", and it is thought that it becomes the composition that oxidization silicon

functions as the grain boundary substantially.

[0022] Thus, it is surmised that the formed grain boundary 1002 will be in the state

excellent in the adjustment in which the interface of oxidization silicon and crystal silicon

hardly includes a lattice defect. This is because the silicon atom between grids which

causes a defect by the synergistic effect of process in which oxidization silicon is formed

of thermal oxidation, and process in which the reunion of silicon atoms or a silicon atom,

and an oxygen atom is promoted by the catalysis of nickel is consumed.

[0023] That is, the grain boundary shown by 1002 in gVawinglQ does not almost have a

defect which captures a carrier, and it is thought that it acts as "the benign grain

boundary" which functions only as an energy-[ only ]-needlelike or obstruction for the

carrier which moves in the interior of a columnar crystal.

[0024] Moreover, since, as for such the grain boundary, a thermal oxidation reaction

advances preferentially, a thermal oxidation film is formed more thickly than other fields.

Therefore, it is surmised that it may become an energy- [ the gate voltage impressed near

the grain boundary is small seemingly, and / a bird clapper ] obstruction.

[0025] Moreover, since this'l^at-treamientls performed at the comparatively high

temperature exceeding 70^* Xtypicairy^"60-l 100 degrees C), needlelike or a crystal

defect called the transposition and the stacking fault which exist in the interior of a

columnar crystal will disappear mostly. Furthermore, termination of the azygos joint

hand of the silicon atom which remained is carried out by hydrogen and the halogen

which are contained in a film.

[0026] Therefore, this invention persons define the field inside two or more needlelike or

columnar crystals as "a field it can be considered that is a single crystal substantially for a

carrier" in the state which shows in drawing. 10 obtained as mentioned above.

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/23/03
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"[0027] It means that there is no obstruction which a carrier faces moving, saying "it can

*be regarded as a single crystal substantially for a carrier", and bars movement of a carrier,

and is put in another way as that there is neither a crystal defect nor a grain boundary, the

potential barrier which serves as an obstruction in energy not existing, etc.

[0028] The highly efficient semiconductor device which is sufficient for this invention

constituting the barrier layer of the semiconductor device represented by TFT using the

crystalline silicon film which becomes with the above composition, and constituting a

drive circuit and a logical circuit is realized.

[0029] Suppose that it has in the example indicated below about the composition of the

above this inventions, and detailed explanation is given.

[0030]

[Example]

[Example 1] this example shows the example which used the crystalline silicon film

formed according to the production method of this invention as a barrier layer ofTFT

(TFT). Being shown in drawing 1 is one example of the production process of TFT.

[0031] In addition, the crystallization means of the amorphous silicon film used by this

example is the technology indicated by JP,7-321339,A. Therefore, in this example, since

it stops to indicate the outline, it is good to refer to the aforementioned official report for

details.

[0032] The base 101 which has an insulating front face first is prepared. In this example,

the oxidization silicon film 102 is formed in thickness of 2000A as a ground film on a

quartz substrate. What is necessary is just to use reduced pressure heat CVD, a plasma

CVD method, a spatter, etc. as the membrane formation method of the oxidization silicon

film 102.

[0033] In addition, in case an amorphous silicon film is crystallized behind, research of

this invention persons shows that the crystallinity of the crystalline silicon film with

which the one where a ground film is more precise is obtained is good. To moreover, the

inside of a film 5x1017-2x1019 atoms/cm3 It is desirable when oxygen is contained.

The oxygen contained in the film plays a role important in the case of gettering

processing of the metallic element which promotes next crystallization.

[0034] Next, it is the amorphous silicon film 103 200- 1000A (this example 350 **)

Membranes are formed by reduced pressure heat CVD in thickness. What is necessary is

just to use silane system gas (SiH4, Si2H6, Si3H8, etc.) as membrane formation gas. In

addition, the amorphous silicon film which formed membranes by reduced pressure heat

CVD has a small rate of natural karyogenesis in the case of next crystallization. This

thing is desirable, when enlarging horizontal growth width of face, since the rate each

crystal carries out [ a rate ] a mutual interference (it collides and growth stops) decreases.

[0035] Of course, it is also possible as the membrane formation method of the amorphous

silicon film 103 to use a plasma CVD method, a spatter, etc.

[0036] Next, the oxidization silicon film 104 with a thickness of 500-1200A is formed by
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the plasma CVD method or the spatter, and etching removal only of the field which

introduces the metallic element which promotes crystallization behind is carried out

alternatively. That is, this oxidization silicon film 104 functions as a mask insulator layer

for introducing nickel alternatively to the amorphous silicon film 103.

[0037] The field 105 exposed with the oxidization silicon film 104 is formed in the

direction perpendicular to space in the shape of [ which has a longitudinal direction ] a

slit. (Drawing 1 (A)) ^— ...

[0038] Next, UV light'isd^adSef^into oxygen atmosphere and a very thin oxide film

(not shown) is formed in the front face of the amorphous silicon film 103 exposed by the

field 105. This oxide film is for improving the wettability of a solution at the solution

application process at the time of introducing the metallic element which promotes

crystallization behind.

[0039] In addition, although a kind or two or more kinds of elements which were chosen

from Fe, Co, nickel, Ru, Rh, Pd, Os, Ir, Pt, Cu, and Au are used as a metallic element

which promotes crystallization, this example explains taking the case of nickel (nickel).

[0040] Next, predetermined concentration (at this example, it is 100 ppm by weight

conversion) Th^iclcernjlragersolutionXor nickel acetate solution) containing nickel is

dropped, and the thin water screen 106 which contained nickel by the spin coat method is

formed. The nickel concentration added in an amorphous silicon film is easily

controllable by adjusting the concentration of a nickel salt solution in a solution

application process. (Drawing 1 (B))

[0041] Next, in 500 after performing 450 ** and hydrogen **** of about 1 hour into an

inert atmosphere^700-**," and a representation target, it is at the temperature of 550 - 600

**. 4-8 Heat-treatment (1st heat-treajment) of time is added, and the amorphous silicon

film 103 is crystallized.Tn this way, the crystalline silicon film 107 is obtained. (Drawing

1 (C))

[0042] this time -- that a crystal growth is needlelike or a columnar crystal -- a substrate -

- an outline -- it goes on in the parallel direction Since the field where it is shown by 105

in the case of this example serves as [ of the drawing ] the shape of a slit which has a

longitudinal direction in the **** direction from this side, as shown by the arrow 108, a

crystal growth advances toward outline 1 direction. At this time, it can be made to

perform a crystal growth over hundreds of micrometers or more.

[0043] In addition, a nickel addition field is shown by 109 and it contains nickel by high

concentration compared with the horizontal growth field 107. The crystallinity of the

field is not so good, in order that a crystalline nucleus may crowd too much and may

carry out the crystal growth of the addition field 109. Therefore, the barrier layer formed

behind consists of fields except the addition field 109.

[0044] Next, if the heat-treatment for crystallization is completed, the oxidization silicon

film 104 used as the mask insulator layer for adding nickel alternatively will be removed.

This process is easily performed by buffered fluoric acid etc.
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[0045]' In addition, you may give laserannealing by the_excimer laser to the back before

heat-frejij^^

1077 However, although the crystaliinity of a crystalline silicon film can improve by laser

racuation, since irregularity is easy to be formed in a silicon film front face, cautions are

required.

[0046] Next, the barrier layer 1 10 which carries out patterning of the obtained crystalline

silicon film 107, and functions as a barrier layer ofTFT later is formed. In addition, in

this invention, arrangement of a barrier layer is important. About that, it mentions later.

[0047] It is the gate insulator layer 1 1 1 which will come by the oxidization silicon film

on a barrier layer 1 10 if a barrier layer 110 is formed 200- 1500A (this example 300 **)

Membranes are formed in thickness. The membrane formation method of the gate

insulator layer 1 1 1 should just use gaseous-phase methods, such as a plasma CVD
method, heat CVD, and a spatter.

[0048] Moreover, a silicon nitride film and an oxidization silicon nitride film may be

used instead of an oxidization silicon film, or the laminating of those insulator layers may

be carried out, and they may be used. ^
[0049] Next, it af-rfeats m-the^r^rjherVtontaining a haloge^2ndJ^-treatrnent). It

aims at that this heat-treatment removes the metallic elemenUnTBimer layerUO

(especially nickel) using the gettering effect of the metallic element by the halogen to the

1st. (Drawing 1 (D))

[0050] In order to acquire the effect, it is important for the heat-treatment tor this

gettering to carry out at the temperature exceeding 700 **. At the temperature not more

than it, there is a possibility that the gate insulator layer 1 1 1 may serve as a blocking

layer, and cannot acquire sufficient gettering effect.

[005 1] Therefore, it carries out at the temperature exceeding 700 **, and considers as

800-1000 degrees C (typically 950 **) preferably, and the temperature requirement of

this heat-treatment is the processing time. You may be 0.5 - 1 hour typically for 0.1 to 6

hours. .

[0052] In addition, in this example, 950 ** and heat-treatment for 30 minutes are

performed into the atmosphere which made the hydrogen chloride (HC1) contain [ be /

under / oxygen (02) atmosphere / receiving / it ]
by the concentration of 0.5 - 1 0 volume

%. In addition, if HC1 concentration is carried out to more than the above-mentioned

concentration/since irregularity of the same grade as thickness arises on the film front

face of a crystalline silicon film, it is not desirable.

[0053] moreover -- although the compound was carried out and the example containing a

halogen using HC1 gas was shown by this example - as the other gas - HF, NF3, HBr,

C12, C1F3, BC13, F2, and Br2 etc. -- a kind or two or more sorts of things chosen from the

compound containing a halogen can be used Moreover, generally the hydride or the

organic substance (charcoal hydride) of a halogen can also be used.

[0054] In this process, gettering of needlelike or the nickel which segregated to the grain

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje
6/2j/0j



Page- 8 of 29

" boundary of a columnar crystal is carried out by operation of a udlogen (here chlorine), it

becomes an volatile nickel chloride and it is thought that it is broken away and removed

into the atmosphere.

[0055] therefore, it is checked by SIMS analysis that the nickel in a barrier layer 1 10 is

reduced by even the grade (1x1016 - 5x1017 atoms/cm3, preferably below the spin

density in a barrier layer) which does not affect a device property. In addition, minimum

1x1016 atoms/cm3 The value to say is the minimum-limit-of-detection community of

SIMS. Moreover, the high impurity concentration in this specification is had and defined

by the minimum value of the measurement value obtained by SIMS analysis.

[0056] In addition, in this invention persons' knowledge, the nickel used for promotion of

crystallization is in the needlelike or inclination which carries out many segregations to

the grain boundary of a columnar crystal, and it is thought that it is hardly contained

substantially [ inside a columnar crystal ] needlelike.

[0057] However, by the present SIMS analysis, since the information on both the interior

of a crystal and the grain boundary is gathered, the concentration of the nickel in this

specification means strictly the average concentration which equalized the nickel U',^:

concentration contained in the interior of a crystal, and the grain boundary. :pT-.

'[0058] Moreover, when a gettering process is performed, the halogen used for gettering

) processing in a crystalline silicon film 1x1015 - 1x1020 atoms/cm3 It remains by

concentration. There is an inclination to be distributed between a crystalline silicon film

and a thermal oxidation film at high concentration, in that case.

[0059] In addition, nickel is extruded to the grain boundary of needlelike or a columnar

crystal in the case of crystallization, and carries out a segregation, and it is thought that it

existed as nickel siiicide. And in the case of gettering, it becomes a nickel chloride, and

breaks away, and the azygos joint hand of silicon that combination with nickel was cut

will be in the state of existing in the grain boundary mostly.

[0060] However, it is thought that it combines with oxygen easily and the azygos joint

hand formed since the above-mentioned process was performed at comparatively high

temperature into an oxidizing atmosphere forms an oxide (oxidization silicon expressed

with SiOX). That is, this invention persons think that a crystalline silicon film serves as a

crystal structure object on which oxidization silicon functions as the grain boundary

according to a series of above-mentioned heating processes.

[0061] Moreover, since termination of the non-coupling hand which remained is carried

out by hydrogen and the halogen which are contained in a barrier layer 1 10, or it is

compensated by the reunion of silicon and crystal defects, such as dislocation and a

stacking fault, disappear mostly by the reunion and the rearrangement of a silicon atom

further, it is thought that the crystallinity inside needlelike or a columnar crystal is also

improved remarkably.

[0062] Therefore, a columnar crystal is remarkable needlelike, crystallinity is improved,

and the barrier layer 1 10 consists of crystal structure objects with the field for which it is
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"enough removed by even the grade nickel does not have [ grade trouble in a device

property by heat-treatment in halogen atmosphere, and a barrier layer 1 10 is constituted

and it can be substantially considered for a carrier that is a single crystal.

[0063] Moreover, by the interface of a barrier layer 1 10 and the gate insulator layer 111,

a thermal oxidation reaction advances by the above-mentioned heat-treatment, and it is

abbreviation. The silicon film which is 100A oxidizes. A 200A thermal oxidation film is

formed. That is, all the thickness of the gate insulator layer 1 1 1 becomes 500 in all **

about the part which formed membranes by CVD, and a part to have been formed by

thermal oxidation. vM^^t^
[0064] Fwth£K0Q]&r2&G¥~gLv^ \0jMf :

-;

)atmosph^jtjs_950

J

H.lLiaJ^tn>gen=.ga^-^mo3phere mind. By heat-treating a time

T

grade, very good semiconductor / insulator layer interface are realized with the /

membraneous improvement in the gate insulator layer 111.

[0065] Moreover, although a barrier layer 1 10 is formed by the dry etching method, there

is a possibility that the plasma damage which remained on the edge of a barrier layer then

may cause a leakage current ofTFT. In the case of this example, since the edge of a

barrier layer 1 10 is oxidized thermally, it serves also as removal of a plasma damage.

[0066] If it ends to formation of the gate insulator layer (thermal oxidation film) 1 1 1 as

mentioned above, it will have an aluminum film (not shown) for next constituting a gate

electrode in the thickness of 2500A by the spatter, and membranes will be formed. A
scandium is made to contain 0.2% of the weight in this aluminum film for a hillock or

whisker prevention.

[0067] In addition, although the material which makes ARUMINIMU a principal

component as a material which forms a gate electrode (gate wiring is included) is used in

this example, a tungsten, a tantalum, molybdenum, etc. can also be used for others.

Moreover, you may utilize the crystalline silicon film which gave conductivity as a gate

electrode.

[0068] Next, the pattern 1 12 of the aluminum film of the shape of an island which carries

out patterning of the aluminum film and serves as a prototype of a gate electrode as

shown in drawing 1 (D) is formed. In addition, the resist mask (not shown) used at this

time is made to remain as it is. (Drawing 2 (A))

[0069] And anodic oxidation which used the pattern 1 12 of an aluminum film as the

anode plate is performed. This technology uses well-known anodic oxidation technology

(for example, JP,7-135318,A). First, the porosity-like oxide film on anode 113 is formed

in the side of a pattern 1 12 of this anodic oxidation process. At this example, it is the

thickness of this oxide film on anode 1 13 0.7 It is referred to as mum.

[0070] If the oxide film on anode 1 13 of the shape of porosity shown in drawin^.2 (B) is

formed, the resist mask which is not illustrated will be removed. And the precise oxide

film on anode 1 14 is formed by performing anodic oxidation for the second time.

Thickness of the precise oxide film on anode 1 14 is taken as 900 **.
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[Q07i j.Moreover, the gate electrode 1 15 demarcates through the above process. The

precise oxide film on anode 1 14 functions in order to protect the front face of the gate

electrode 1 15 or to suppress generating of a hillock or a whisker in a next process.

[0072] Next, if it forms to the precise oxide film on anode 1 14, the impurity ion for

forming the source / drain field in this state will be poured in. What is necessary is to

pour in P (Lynn) ion, ifN channel type TFT is produced, and just to pour in B (boron)

ion, ifP channel type TFT is produced.

[0073] In this process, the source field 1 16 and the drain field 1 17 where the impurity

was added by high concentration are formed.

[0074] Next, using the mixed acid which mixed the acetic acid, the phosphoric acid, and

the nitric acid, after removing the porosity-like oxide film on anode 113 alternatively, the

ion implantation of P ion is performed again. Rather than the time of forming previous

source / drain field, it has this ion implantation by the low dose, and it is performed.

(Drawing 2 (Q)
[0075] Then, as compared with the source field 1 16 and the drain field 117, the low

concentration impurity ranges 118 and 1 19 with low high impurity concentration are

formed. And the field shown by 120 of gate electrode 1 15 directly under becomes a self-

adjustment target with a channel formation field.

[0076] In addition, especially the low concentration impurity range 1 1 9 arranged between

the channel formation field 120 and the drain field 1 17 is called LDD (light doped lane

field) field, and has the effect which eases the high electric field formed between the

channel formation field 120 and the drain field 117.

[0077] Moreover, the channel formation field 120 (strictly needlelike or interior of a

columnar crystal) consists of genuineness fields genuineness or substantially. It means

that about 1/of activation energy is it 2 that it is a genuineness field genuineness or

substantially (a Fermi level is located in the center of a forbidden band), and it is the field

where high impurity concentration is lower than spin density, or that it is the undoping

field which does not add impurities, such as P or B, intentionally.

[0078] Furthermore, annealing of the field where the ion implantation was performed is

performed after the pouring process of the above-mentioned impurity ion by performing

irradiation of a laser beam, infrared light, or ultraviolet radiation. Activation of addition

ion and the recovery of damage which the barrier layer received at the time of an ion

implantation are performed by this processing.

[0079] Moreover, it is effective if a hydrogen treating is performed by the temperature

requirement of 300 - 350 ** for 0.5 to 1 hour. This process carries out hydrogen

termination of the azygos joint hand generated by hydrogen desorption from a barrier

layer again, if this process is performed — inside of a barrier layer 1x1021 atoms / cm3

the following ~ desirable - 1x1015 to 1x1021 atoms / cm3 Hydrogen is added by

concentration.

[0080] In this way, if the state which shows in drawing 2 (C) is acquired, next,
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memB'ranes will be formed layer insulation film 121. The layer insulation film 121 has

and consists of cascade screens of an oxidization silicon film, a silicon nitride film, an

oxidization silicon nitride film, organic nature resin films, or those films. (Drawing 2 (D))

[0081] Moreover, since specific inductive capacity is small when the polyimide which is

an organic nature resin film is used, the parasitic capacitance during vertical wiring can

be reduced. Moreover, since it can form by the spin coat method, thickness can be earned

easily, and improvement in a throughput can be aimed at.

[0082] Next, layer insulation film 121 contact hole is formed, and the source electrode

122 and the drain electrode 123 are formed. By heat-treating in 350 more-degree C

hydrogen atmosphere, the whole element is hydrogenated and TFT shown in drawing 2

(D) is completed.

[0083] Although TFT shown in drawing 2 (D) has simplest structure for explanation, it is

easy to consider as desired TFT structure suitably by adding some change and additions

to the production process procedure of this example.

[0084] Here, in case a barrier layer 1 10 is formed as mentioned above, the arrangement

explains the reason for being important. Explanation is performed using drawing! .

[0085] When this example is carried out, in order that a columnar crystal may grow up to

be outline parallel mutually, there is needlelike or the feature that on the other hand the

grain boundary is equal to **. Moreover, it is possible needlelike or to control freely the

direction as for which a columnar crystal carries out a crystal growth by adding

alternatively the metallic element which promotes crystallization. This thing has a very

important meaning.

[0086] One example in which the barrier layer was formed on the base which has an

insulating front face here is shown in drawing 3 . What is shown in drawing 3 is a barrier

layer arranged in the shape of a matrix on a base 301 in producing active matrix liquid

crystal display.

[0087] In addition, the field shown with the dashed line of 302 is the place where the

field for introducing nickel alternatively existed. Moreover, 303 is the place where the

macroscopic grain boundary in which the horizontal growth field collided mutually and

was formed existed. Since these cannot be checked after they form a barrier layer, they

are made to be shown by the dotted line.

[0088] moreover, the case where it crystallizes with the means shown by this example --

needlelike or a columnar crystal -- the nickel addition field 302 - receiving -- an outline -

- it grows up in the perpendicular direction (direction shown by the arrow all over

drawing)

[0089] Therefore, it can arrange in the direction of a channel, and needlelike or the

direction which carries out outline coincidence of the grain boundary of a columnar

crystal by arranging the island-like semiconductor 304 like drawing.3 . And it is possible

to realize the above composition on the whole substrate surface by designing so that the
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. nickel addition field 302 may be attained from the edge of a substrate 301 to an edge.

"[0090] When it is such composition, the direction of a channel, and needlelike or the

direction where a columnar crystal is located in a line will be in agreement. That is, in

case it functions as a barrier layer of TFT, the energy barrier which bars movement of a

carrier in a channel formation field means the very few thing, and the further

improvement in a working speed can be expected.

[0091] Moreover, the above thing means that the directivity of a columnar crystal is

needlelike or controllable to have a specific angle to the direction of a channel, if it puts

in another way. Drawing 3 corresponds, when a specific angle is made into 0 degree.

[0092] That is, when are thought with the view different from drawing 3 and rotating 90

degrees of barrier layers 304, it thinks. In this case, although the mobility of a carrier

falls, a low OFF state current property and a high proof-pressure property can be

expected.

[0093] Here, the electrical property of the semiconductor device shown in drawing 2 (D)

which this invention persons produced according to this example is shown in drawing 4 .

In drawing 4 (A), the electrical property (Id-Vg property) ofN channel type TFT and

drawing 4 (B) show the electrical property ofP channel type TFT. In addition, Id-Vg The

graph which shows a property displays the measurement result for five points

collectively.

[0094] VG(s) of a horizontal axis are a gate-voltage value and current value to which ID

of a vertical axis flows between the source/drain. Moreover, Id-Vg shown by 401 and 403

A property (Id-Vg curve) is Id-Vg which shows the property at the time of drain voltage

VD=1 V, and is shown by 402 and 404. The property shows the property at the time of

drain voltage VD=5V. Moreover, 405 and 406 show the leakage current at the time of

drain voltage VD= IV.

[0095] In addition, drain current of an OFF field ( drawing 4 (A) below - IV and drawing

4 (B) more than -IV) (Ioff) Most the leakage current (IG) ofON and an OFF field Since

it is below 1x10-13 A (measurement minimum community), it will be mixed up with the

noise in drawing 4 (A) and (B).

[0096] Here, the typical property parameter ofTFT by this invention for which it asked

from the electrical property shown in drawing_4 (A) and (B) is shown in Table 1 and

Table 2. In addition. Table 1 is as a result of the electrical property (arbitrary 20-point

measurement) ofN channel type TFT, and Table 2 shows the result of the electrical

property (arbitrary 20-point measurement) of P channel type TFT.

[0097]

[Table 1]
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Nf^STFT&^Sl: (SingleGate)

JULA
(VG-SV)

(VD- 5 V)

fVS^ 3 Y)

IcfLllpAi

(V0« t V) lortftottZ

\rth(YJ

(VO- S V),

(VD- 1 V)

82.66

_FE f«m2A/£| »G_o«lpA)

<VD- 1 V)

(YG-5 V)

0.20

(VO- t V)

(VG--6V)

-0.40

(VO- 1 v>

<VG- 5 V)

160.91

(YD. 1 V)

(max)

226.64
Point 1

Point 2

68.51

72.80

205 30

219 05

1.00

0.75

3.30

3.85

7.84

7.00

7.79

7.76

0.08

0.12 71.10 171.21 245.00 0.10 -0.05

Point 3 221 85 0.45 2.65 8.22 7.92 0.05 83.92 1 70.60 246.84 0.15 -0.15

Point 4 62.61 201 70 0.40 2.15 8.19 7.97 -0.13 79.60 141.63 197.88 -0.05 •0.25

Point 5 48 07 151 -25 0-40 1.60 8.08 7.98 0.00 95.12 1 13.99 153.26 0.10 -0.10

Point 6 74.00 2?1 -70 0.30 2.45 8.39 7.96 0.01 84.31 165.85 245.36 -0.10 -0.30

Point 7 55.30 4 7A Art 0 95 2.65 7.77 7.79 0.05 82.10 137.19 175.19 0.10 -0.15

Point 8 69.90 308 05 0.75 4.35 7.97 7.68 0.11 75.08 165.49 232.S6 0.25 0.00

Point 9 184.95 0.25 1.95 8.39 7.98 0.02 03.08 136.68 202.16 0.05 -0.10

Point tO 60.20 169 65 0.50 2.15 8.08 7.95 0.01 76.93 137.96 199.16 O30 0.00

Point 1

1

63.43 |Q£ _C 0.40 2.40 6.20 7.91 -0.06 78.77 136.48 21 0.12 0.00 -0.25

Point 12 63.57 0 45 2.40 8.15 7.91 -0.05 75.78 140.50 207.06 0.10 -0.60

Point 13 CO CIDO.31 211 .45 0.40 2.85 8-23 7.87 0.01 76.62 160.14 222.11 0.40 -0.S5

Point -1

4

66.78 204.05 0-40 2.10 8.22 7.99 -0.02 7436 148.21 220,63 030 •0.50

Point 15 61 -30 0.45 2.35 6-13 7.90 0.05 81.25 137.90 205.02 0.00 -0.45

Point 1

6

68.70 208.75 0.35 1.90 8.29 8.04 -0.01 71.23 151.01 227.97 0.15 -0.30

Point 17 68.18 211.50 0.40 1.80 8.23 8.07 -0.08 71.10 1 48.36 223.84 O.30 -0.60

Point 18 6392 197.50 0.40 1 -DO 8.20 8.08 -0.10 75.64 142.34 205.02 050 -0.35

Point 19 66.07 201.25 0.60 2.70 8.04 7.87 0.17 87.23 167.03 216.19 0.25 -0.40

Point 20 70.37 210.80 0.60 2.05 8.07 8.01 0.02 79.04 162.28 229-81 050 -0:30

65.37 200.01 0.51 2.47 8.13 7.92 0.01 80.00 149.79 214.59 0.15 -0.29

640 10.87 0-20 0.71 0.16 o.to 0.08 S.78 1S.16 23.19 0.13 0.19

[0098]

[Table 2]
P*W»§!!TFT»J£e£: (SingleGate)

lor\_l(uAJ

(VD-l V)

(VG-SV)

30.07

icn.ZJuAl

(VO-5 V)

{VO- 5 V)

K*t_t[pA]

(VO-1V)

(VG--6V)

(VO- 5V)

<vo-i V)

vtmvj S-v__& pFS. [cm2/Vs]

Si IEA lon/tofft tarvtotc (VD- 3 V) {mvxrec]

(VT>- t V)

(VO- 1 V)

<va- sv)

(YD. T V)

(m**>

(VO-1 V)

(VG-5V)

{VO- 1 V)

(VO—« Y)

Point 1 68.22 9.25 59.25 6.51 6.06 -1.11 86.55 1 1 8-32 119.60 0.10 0.00

Point 2 _ 36.67 86.63 2.60 46.70 7.15 6.27 -0.93 89.24 131.38 137.00 0.05 -0.20

Point 3 36.60 B5.97 2.90 73.25 7.10 6.07 -0.95 98.47 1 33.57 138.47 0.15 -0.10

Point 4 36.63 85-27 3.35 53.60 7.04 620 -0.9B 87.55 137.19 140.00 0.05 -0.20

Point 5 35.30 79.59 3.25 39.40 7.04 6-31 -1.14 77.67 140.71 142.24 0.10 -0.20

Point 6 35.72 81.38 2.55 30.45 7.15 6.43 -1 .06 73.81 141.07 141.78 0.10 -0.05

Point 7 34.37 77.74 5.50 73.60 6.80 6.02 -1.10 82.63 135.15 136.94 -0.05 -0.20

Point 8 40.70 100.42 10.20 107.25 6.60 5.97 -0.77 73-28 131.58 147.30 0.10 0.05

Point 9 40.70 100.61 4.90 45.00 6.02 6.35 -0.7S 75.50 131.83 147.14 0-15 -0.25

Point 10 32.89 74.66 5.75 132.05 6.76 5.7S -1.10 84.48 127.76 129,80 0.15 0.05

Point 11 37.07 B8.45 4.30 67.45 6.94 6.12 -0.87 76.54 130.05 137.45 0.40 -0.35

Point 12 30.52 58.83 1.65 37.55 7.27 6.26 -1.15 90.61 120.82 122.15 0.50 •0.30

Pant 13 35.17 78.92 1.35 55.50 7.42 6.15 -1.15 85.88 143.51 143.82 0.40 -0.40

Point 14 32.07 72.71 1.80 36.40 7.25 6.30 -1.10 86.48 124.39 126.74 0.40 -0.45

Point 15 33.36 75.57 6.60 120.40 6.70 5.80 -1.10 84.30 % 131.58 132.65 0.40 I -0.35

Point 16 32.29 75.10 3.50 47.90 6.06 6.20 -1.01 84.93 122.35 124.64 0.25 |
-0.35

Point 1

7

34.26 76.83 4.40 64.35 6.80 6.08 -1.14 83.2B 141.58 141.58 0.65 -0.25

Point 1

8

31.01 69.91 5.40 253.39 6.76 - 5.44 -1 18 97.07 123.17 125.46 0.25 I
-0.50

Point 1

9

36.26 86.80 5.80 52.20 680 6.22 -0 89 79.86 126.53 134.64 0.40 -0.25

Point 20 37.60 93.11 2507.90 17345.00 4.18 3.73 -0.80 89.54 125.46 136.94 0.15 -0.30

34.96 81.34 129.65 937.03 6.81 5.99 -1 .02 84.36 130.90 135.39 0.23I -0-23

3.0C 9.4S 559.79 3852.36 0.66 0-58| 0.14 6.94 7.38 8.24
|

0.1b[ 0.16

[0099] the point which should be noted especially in Table 1 and Table 2 -- a sub

threshold level property (S value, S-value) -- 60 - 100 mV/dec, so that it is settled in

between - small - mobility (micro FE, mobility) -- 150-300cm2/Vs ** -- it is very large

so that it may say In addition, mobility means electric field effect mobility in this

specification.

[0100] It is proving that such measurement data is the values which cannot be attained in

the conventional TFT, and it is just very highly efficient TFT which is equal to MOSFET
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which'TFT by this invention produced on the single crystal.

rOlOll Moreover, it is simultaneously checked by the acceleration deterioration test by

measurement repeatedly that TFT by this invention is very strong to degradation.

Although it has the fault that TFT which carries out high-speed operation expenentially

tends to deteriorate, TFT by this invention does not have degradation, either and it has

become clear to have the very high proof-pressure property.

[0102] Moreover in Table 1 and Table 2, the average and standard deviation (sigma

value) are also indicated as reference. Standard deviation is used as a scale ofthe

distribution (variation) from the average. Supposing a measurement result (population)

generally follows a normal distribution (Gaussian distribution), it is known that 99.7 /o

will go into the inside of **lsigma in the inside of **2sigma 95.4% 68.3% of the whole

focusing on the average at the inside of **3sigma.

r0103] In order that this invention persons might evaluate distribution ol the if i

property of this example to accuracy more, they measured 540 TFT and asked for the

average and collimation deflection from the result. Consequently, the averages of S value

were 80 5 mV/dec (n-ch) and 80.6 mV/dec (p-ch), and standard deviation was 5.8 (n-ch)

and 1 1.5 (p-ch). moreover, mobility (max) the average - 194.0cm2/Vs (n-ch) and

131 8cm2/Vs (p-ch) it is -- standard deviation was 38.5 (n-ch) and 10.2 (p-ch)

[0104] That is, a TFT property as shown below can be acquired in N channel type TFT

using this invention.
T

~. -

(1) The sigma values of S value are 5 mV/dec preferably less than 10 mV/dec. It fits in

less th.3.n

(2) Less than 80**30 mV/dec of S value is preferably settled in less than 80** 15 mV/dec.

(3) The sigma value ofmuFE is preferably settled within 35cm2/Vs less than 40cm2/Vs^

[0105] Moreover, a TFT property as shown below can be acquired in P channel type TF1

using this invention. .

(1) Less than 15 mV/dec of sigma values of S value is preferably settled in less than 10

(Rvalue Less than 80**45 mV/dec is preferably settled in less than 80**30 mV/dec

(3) The sigma value of muFE is preferably settled within 10cm2/Vs less than 15cm2/Vs.

[01061 As mentioned above, TFT by this invention can constitute logical circuits which

need high-speed operation, such as a complicated SRAM circuit, a complicated DRAM
circuit etc. which realize the extremely excellent electrical property and were produced

on the 'single crystal until now and where only MOSFET was used.

[0107] Moreover, although this example has indicated only the example of a production

process ofTFT of single-gate structure, it is applicable also to TFT of multi-gate

structure which has TFT of double-gate structure, and a gate electrode beyond it.

[0108] Moreover this invention is realizable by raising the crystallinity of a barrier layer,

and as long as thermal resistance allows, TFT structure can be carried out, without

6/^ 3/03
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'Asking.

[0109] [Knowledge about the crystal structure object acquired by this invention] The

thing which is needlelike or the crystal structure object which becomes by the aggregate

of a columnar crystal as [ the thing ] the crystalline silicon film obtained by this invention

shown in drawing 10 was already described. Here, comparison with the crystal structure

object by this invention and the crystal structure object formed by other methods is

performed.

[0110] The photograph shown in drawing 1

1

is a transverse-electromagnetic photograph

of the sample which completed even crystallization of an amorphous silicon film in the

procedure of an example 1. That is, the crystal structure of the crystalline silicon film

which omits heat-treatment containing a halogen is shown.

[0111] Many transposition defects (inside of the circle shown by 1 101) exist in the

interior of needlelike or the columnar crystal immediately after crystallization so that it

can check in drawing 1

1

. However, with the transverse-electromagnetic photograph

shown in drawing 10 , such a transposition defect is not checked inside a crystal, but it

turns out that it has the beautiful crystal structure.

[0112] This thing serves as proof of heat-treatment in the atmosphere which contains a

halogen in this invention having contributed tothe crystel!^e_improvemerit greatly.

_

[0113] Moreover, the crystal structure "object shownln drawing TZ!s~anreX3mpIe in case

this inventions shall differ the crystallization conditions of an amorphous silicon film. An
amorphous silicon film is specifically crystallized by performing heat-treatment of 600

**48 hours in nitrogen-gas-atmosphere mind, and thermal oxidation processing has been

performed at the temperature of about 900-1 100 degrees C.

[01 14] As shown in drawing 12 , each crystal grain of the crystalline silicon film formed

as mentioned above is large, and it is in the state where it was divided by the grain

boundary distributed irregularly.

[0115] Crystal grain 1201 is in the state where it was surrounded by the irregular grain

boundary 1202, in drawing 12 . Therefore, if the crystal structure object actually shown

in drawing 12 is used as a barrier layer of TFT, the energy barrier produced by the

irregular grain boundary 1202 will check movement of a carrier.

[0116] On the other hand, the crystal structure object as shown in drawing 10 is in the

state where the grain boundary 1 002 arranged with a certain amount of regularity, as

[ show / in drawing. 10 ]. Therefore, in the interior of a columnar crystal, it is thought that

there is not needlelike or an energy barrier which checks movement of a carrier.

[0117] In addition, that this invention persons are needlelike or as a result of observing

the array state of a columnar crystal by the about 10,000 to 50,000-time wide field of

view, it is checked needlelike or that there is a case so that a columnar crystal may

advance zigzag. A crystal growth is a phenomenon resulting from going in the direction

stable in energy, and this is conjectured that a kind of grain boundary is formed in the

part which crystal orientation converted.
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[01 18] However, it is being surmised that it is a thing like a twin crystal grain boundary

with this grain boundary inactive in energy needlelike [ this invention persons ] that may

be produced inside a columnar crystal. That is, although crystal orientation differs, I am

the grain boundary continuously combined with sufficient adjustment, and think that it is

a grain boundary (not substantially regarded as a grain boundary) used as an energy

barrier to the extent that movement of a carrier is barred.

[0119] As mentioned above, since an irregular grain boundary is distributed so that it

may have the crystal structure as shown in drawing 12 and movement of a carrier may be

interrupted, the crystalline silicon film crystallized in the general process is difficult to

attain high mobility.

[0120] However, when the crystalline silicon film by this invention had the crystal

structure as shown in drawing_lQ and the grain boundary has gathered in the outline 1

direction, the interior of a columnar crystal is considered that needlelike or the grain

boundary which serves as an energy barrier substantially does not exist. That is, since a

carrier becomes possible [ moving in the interior of a crystal ], without being prevented in

any way, very high mobility can be attained.

[0121] The point that a columnar crystal should be observed is a point which is especially

acquired by this invention and which is considered to grow up continuously the distance

of dozens - no less than 100 micrometers of numbers, changing crystal orientation,

avoiding needlelike or distortion resulting from irregularity, stress, etc.

[0122] If a guess of this invention persons is right, it can be said that the crystalline

silicon film by this invention is a completely new crystal structure object which consists

of the aggregates of a special crystal which grow without forming in the interior of a

crystal the grain boundary which may serve as a carrier trap.

[0123] [Example 2] this example is an example which has by TFT shown in the example

1, and forms a CMOS circuit. A CMOS circuit is constituted combining N channel type

TFT and P channel type TFT of structure as shown in the example 1 complementary.

[0124] One example of the production process of the CMOS circuit in this example is

explained using drawing 5 and drawing 6 . In addition, the application range of the

crystalline silicon film formed of this invention is wide, and the method of forming a

CMOS circuit is not what was restricted to this example.

[0125] According to the production procedure first shown in an example 1, the

oxidization silicon film 502 is formed on the quartz substrate 501, and a crystalline

silicon film (not shown) is obtained on it. And the barrier layer 503 ofN channel type

TFT and the barrier layer 504 of P channel type TFT are formed by carrying out

patterning of it.

[0126] If barrier layers 503 and 504 are formed, the gate insulator layer 505 will be

formed, and heat-treatment in the atmosphere which contains a halogen further is

performed. Let processing conditions be the same things as an example 1 in this example.

In this way, barrier layers 503 and 504 serve as a crystal structure object of this invention,

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/23/0j



fage l / or

and the gate insulator layer 5u5 which has good membraneous quality and a good

interface is formed.

[0 127] Next, patterning of the aluminum film (not shown) which constitutes the

prototype of a gate electrode behind is formed and carried out, and the patterns 506 and

507 of an aluminum film are formed (it leaves the resist mask which used after pattern

formation for patterning).

[0128] In this way, the state of drawing 5 (A) is acquired. If the patterns 506 and 507 of

an aluminum film are formed next, it will have on the same conditions as an example 1,

and the porous oxide films on anode 508 and 509 will be formed in the side of the

patterns 506 and 507 of an aluminum film. At this example, it is the thickness of the

oxide films on anode 508 and 509 of this porosity 0.5 It is referred to as mum.

[0129] Furthermore, it has on the same conditions as an example 1, and the precise and

firm oxide films on anode 510 and 51 1 are formed. However, in this example, attainment

voltage is adjusted so that this thickness may become 700 **. Moreover, the gate

electrodes 512 and 513 demarcate according to this process. In this way, a state like

drawing 5 (B) is acquired.

[0130] When the state of drawing 5 (B) is acquired, the gate insulator layer 505 is

**********ecj by me^ etching method. At this etching process, the oxide films on

anode 508 and 509 of the shape of the gate electrodes 512 and 513 and porosity serve as a

mask, and a gate insulator layer remains only directly under the. If the porosity-like oxide

films on anode 508 and 509 are removed after etching, it will be in the state of drawing.5_

(C).

[0131] Next, as P channel type TFT is covered, the resist mask 514 is formed, and P

(Lynn) ion is doped as an impurity which gives N type, this doping -- acceleration

voltage 50KeV and dose 0.1 - 5x1013 atoms/cm2 -- desirable -- 0.5 - 2x1013 atoms/cm2

atoms/cm2 It carries out.

[0132] Since acceleration voltage is comparatively high, this doping process passes the

gate insulator layer which P ion exposed, and is driven in to a barrier layer 503.

Consequently, P ion is added by the field shown by 515 and 516. (Drawing 5 (C))

[0133] Next, as shown in drawing 5 (D), P ion is poured in again, pouring of this P ion --

acceleration voltage 5KeV slight lowness -- setting up -- a dose --0.1-1x1015

atoms/cm2 -- desirable -- 2 - 5x1014 atoms/cm2 ** - it carries out The fields 517 and

518 where P ion was added are formed in high concentration as a result of this process.

[0134] When the process shown in drawing_5 (D) is completed, the barrier layer ofN
channel type TFT is completed. That is, the source field 517 ofN channel type TFT, the

drain field 518, the low concentration impurity ranges (or LDD field) 519 and 520, and

the channel formation field 521 demarcate.

[0135] Next, as shown in drawing 6 (A), the wrap resist mask 522 is formed for left-hand

side N channel type TFT. And B (boron) ion is poured in as an impurity which gives P

type in the state which shows in drawing 6 (A). Doping of this B ion as well as the case
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-ofP ion is divided into 2 tim^s, and is performed.

10136] doping ofB ion of the 1st time ~ acceleration voltage 30KeV and dose 0.1 -

5x1014 atoms/cm2 -- desirable -- 0.5 - 2x1014 atoms/cm2 It considers as a grade. B ion

is added by the field shown by 523 and 524 according to this process. (Drawing 6 (A))

[0137] the 2nd doping ofB ion -- acceleration voltage 5KeV and dose 0.1-1x1015

atoms/cm2 - desirable -- 2 - 5x1014 atoms/cm2 It considers as a grade. The fields 525

and 526 where B ion was added by high concentration according to this process are

formed. (Drawing 6 (B))

[0138] The source field 525 ofP channel type TFT, the drain field 526, the low

concentration impurity ranges (or LDD field) 527 and 528, and the channel formation

field 529 demarcate according to the above process.

[0139] Next, the resist mask 522 is removed after the end of the process shown in

drawing 6 (B), and strong light, such as a laser beam or infrared light, and ultraviolet

radiation, is irradiated all over a substrate. Activation of the impurity ion added by this

process and the recovery of damage of the field where impurity ion was poured in are

performed.

[0140] Next, the layer insulation film 530 is formed in thickness of 4000A. Any of an

oxidization silicon film, an oxidization silicon nitride film, a silicon nitride film, and an

organic nature resin film are sufficient as the layer insulation film 530, and it is good also

as multilayer structure. The membrane formation method of these insulator layers should

just use a plasma CVD method, heat CVD, and the spin coat method.

[0141] Next, a contact hole is formed and the source electrode 531 ofN channel type

TFT and the source electrode 532 of P channel type TFT are formed. Moreover, a CMOS
circuit is realized by considering the drain electrode 533 as composition which is shared

between N channel type TFT and P channel type TFT. (Drawing 6 (C))

[0142] The CMOS circuit which becomes with the structure shown in drawingj) (C) is

producible through the above process. A CMOS circuit is an inverter circuit of the

simplest composition, and the closed circuit which connected odd sets and formed the

CMOS inverter circuit in series is called ring oscillator, and in case it evaluates the

working speed of a semiconductor device, it is used.

[0143] The upper surface photograph shown in drawing. 7 (A) here is the ring oscillator

circuit constituted combining the CMOS circuit produced according to this example. This

invention persons actually made active matrix liquid crystal display as an experiment

using this invention, and checked the performance of the drive circuit of operation by the

ring oscillator.

[0 144] In addition, the gate electrode width of face of the CMOS circuit which

constitutes the ring oscillator shown in drawing 7 (A) is about 0.6. It is as thin as mum,

and the channel formation field has turned even into the grade which a short channel

effect generates minutely, if it usually becomes.

[0145] Moreover, the photograph of a shift register circuit is shown in drawingJ (B) as
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reference. The shift register circuit shown in drawing.7 (B) is one of the important

circuits which constitute the circumference drive circuit made as an experiment, and is a

logical circuit which specifies the address of a pixel field. A drive on the very high

frequency of several MHz - about dozens ofMHz is required especially of the shift

register circuit for horizontal scannings (for source sides) at the time of real operation.

[0146] The oscillation frequency of a ring oscillator circuit was measured by the ring

oscillator which connected 9 and 19 or 51 sets (stage) ofCMOS circuits. With

consequently, supply voltage 3-5V and nine steps of ring oscillators The oscillation

frequency exceeding 500 MHz is obtained in 300MHz or more, and it became clear that a

working speed is very quick.

[0147] These values mean having an about 20 times as many working speed as this

compared with the ring oscillator produced at the conventional production process.

Moreover, even if it shakes supply voltage in 1-5V, oscillation frequency of dozens -

100MHz of numbers is always realized.

[0148] As mentioned above, also in the situation that added value was unavoidably added

on the circuit design, the CMOS circuit using this invention can carry out high-speed

operation satisfactory, and has the performance which meets the demand of all logical

circuits. . .

'

[0149] Furthermore, channel length is 0.6. TFT by this invention is hardly influenced by

the short channel effect, but also having the high proof-pressure property of being able to

be equal also to very high-speed operation as shown in this example, in spite of having

turned into mum minutely extremely means having very high reliability.

[0150] [Guess drawn from the composition of this invention] As the example 1 and the

example 2 showed, TFT produced according to this invention has realized the very high

performance (a high-speed operation property, high proof-pressure property). Moreover,

also experientially, the feature that it is strong to degradation can be called unique

phenomenon, having such a high-speed operation property. Then, since TFT by this

invention considered why it would excel even like this in degradation-proof nature and

guessed one theory from there, this invention persons indicate below.

[0151] This invention persons thought as important the influence of the grain boundary of

needlelike as a reason nil why pressure-proofing ofTFT by this invention is high, or a

columnar crystal. That is, this invention persons surmised that the grain boundary

(expected as an oxide field) which exists in a channel formation field locally was easing

effectively the high electric field especially built between a channel formation field and a

drain field between a source field and a drain field.

[0152] I suppressed the electric field especially specifically formed of the depletion-layer

charge in which the grain boundary spreads from a drain field, and thought that it was

functioning so that diffusion potential by the side of the source may not be changed also

in the state (state which the drain side depletion-layer charge increased) where drain

voltage became high.
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[0153] When the above was summarized and the crystalline silicon film by this invention

frutilized for a barrier layer, it can be considered that the channel formation field is

filling the following composition.

(1) a carrier moves ~ a genuineness field (needlelike or interior of a columnar crystal)

exists substantially (for a carrier)

(2) Or it suppresses movement of a carrier, the energy barrier which eases the electric

field built in the direction of a channel (direction to which between a source-drain is

connected) exists.

[0154] Therefore, it is thought that TFT of the outstanding property as this invention

shows by considering as the composition which has the energy barrier with which the two

above-mentioned composition is filled, and which was locally formed with the

genuineness channel formation field substantially for a carrier can be produced if it puts

in another way.

[0155] Although the above composition mixes some guesses and there is then, it is drawn

from this invention persons' experimental data, then, this invention persons - this

composition - artificial __********__ it was expected whether the same effect could be

acquired by things

[0156] Consequently, this invention persons came to propose composition effective for

suppression of a short channel effect. Here, the outline is indicated below. In addition, the

consideration indicated below stops at the range of guessed in the present condition.

[0157] Short channel effects are general terms, such as degradation of the pressure-

proofing accompanying the fall of threshold voltage, and a punch-through phenomenon,

and degradation of a sub threshold level property. The punch-through phenomenon which

poses especially a problem is a phenomenon in which the diffusion potential by the side

of the source falls because the depletion layer by the side of a drain spreads even to a

source field, and penetration current flows between the source/drain.

[0158] Then, this invention persons observe the effect of the grain boundary of this

invention, and channel length is 0.01-2. In the short channel TFT which is mum grade, it

is preparing an impurity range artificially and locally to a channel formation field, and it

was surmised that the effect which suppresses the breadth of the depletion layer by the

side of a drain was acquired.

[0159] It is thought that such composition can be attained by considering as composition

as shows a barrier layer to drawing_8 . In drawing.8 (A), as for a source field and 802,

801 is [ a drain field and 803 ] channel formation fields, and an impurity range 804 is

artificially formed into the channel formation field 803. Moreover, among the channel

formation field 803, fields 805 other than impurity-range 804 are genuineness fields

substantially, and turn into a field where a carrier moves.

[0160] The point which is the structure which imitated the crystal structure object of this

invention shown in drawing 1 0 is important for the structure shown in drawing 8 (A)

here. That is, the grain boundary shown by 1001 of drawing 10 is equivalent to the
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impurity range 804 of drawing 8 (A), and a columnar crystal is equivalent to that drawing

iO'is needlelike or the field 805 to which the carrier of drawing 8 (A) moves.

[0161] Therefore, the impurity range 804 arranged in the channel formation field 803

forms locally the field where built-in potential (it can also be called an energy barrier) is

large in a channel formation field, and can be conjectured to suppress the breadth of a

drain side depletion layer effectively by the energy barrier.

[0162] Moreover, the cross section which cut drawing 8 (A) by A-A' is shown in drawing

8 (B). 806 is a substrate which has an insulating front face. Moreover, the cross section

which cut drawing 8 (A) by B-B' is shown in drawing 8 (C).

[0163] In addition, in drawing 8 (C), wpi and n express the width of face of an impurity

range 804, and wpa and m express the width of face of the field where a carrier moves, n

and m mean that it is the field where wpi and n are the width of face of the n-th impurity

range, and the m-th carrier moves [ wpa and m ] into the channel formation field 803

here.

[0164] Therefore, the actual electric field effect mobility ofTFT by this invention must

substitute the efficiency-channel width Wpa (total which added m to wpa,l-m) for the

theoretical formula showing in the following formula.

[0165]

muFE=l/Cox (delta Id/delta Vg) and 1/Vd-L/W - for Cox, gate oxide-film capacity, and

delta Id and delta Vg are [ drain voltage, and L and W of the variation of drain current Id

and a gate voltage Vg and Vd ] channel length and channel width here, respectively

[0166] However, since it is actually impossible to measure the efficiency-channel width

Wpa, the electric field effect mobility in this specification is substituting and calculating

the design value W of channel width. That is, it is thought that the value smaller than

actual mobility is acquired.

[0167] Moreover, it is expected that preparing by arrangement as shows an impurity

range to drawing 8 (A) has a very big meaning to improvement in mobility. The reason is

explained below.

[0168] Mobility (micro FE) Although decided by dispersion of the carrier in a

semiconductor film (here, a silicon film is taken for an example), dispersion in a silicon

film is divided roughly into lattice scattering and impurity scattering. The overall

mobility mu in which these influence for each other and are formed is expressed with the

following formula.

[0169]

[Equation 1]

jj.= (l//zi+1//zi)

[0170] The formula shown by this several 1 is mobility mul (I means lattice) when the

overall mobility mu is influenced of lattice scattering. Mobility mui at the time of being

influenced of the inverse number and impurity scattering (i means impurity) It means that
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it is Lot inverse proportion to tae sum of the inverse number. Mowover, lattice scattering

and impurity scattering are respectively expressed with the following formula.

[0171]

[Equation 2^
fx\

oc (m*) T

[0172]

[Equation 3]
-1/2 -1 3/2

fx\
oc (m*) NiT

[0173] According to these formulas, after the impurity has been uniformly added by the

whole channel formation field, mobility cannot be earned in response to the influence of

impurity scattering. However, since the impurity range is formed locally in composition

of being shown in drawing 12 , an impurity is not added by the field to which a carrier

moves, but it is genuineness substantially for a carrier.

[0174] That is, it is the concentration nickel of the impurity theoretically ionized in

several 3. Since it means bringing close to 0 infinite, it is mobility mui. It will approach

infinitely infinite. That is, it sets to several 1 and is 1/mui. Since it means decreasing an

impurity even to the grade which can disregard a term, the whole mobility mu is mobility

mul infinite. It is surmised that it approaches.

[0175] Moreover, it is important to be arranged so that an impurity range 804 may serve

as the direction of a channel and outline parallel in drawing 8 (A). When [ for which such

arrangement was shown in drawing 10 ] needlelike or the direction where the grain

boundary of a columnar crystal is prolonged, and the direction of a channel are in

agreement, it corresponds.

[0176] It is surmised that a role like a rail specifies the move direction on a carrier sure

enough, without capturing a carrier, since it is expected that an impurity range 804 is

served as "the benign grain boundary" when it considers as such arrangement. This is

composition very important when reducing the influence of dispersion by the collision of

carriers.

[0177] Moreover, it is expected that the fall of the threshold voltage which is one of the

short channel effects can also be suppressed by considering as the above composition.

This is anticipation based on reasoning that it is possible to cause artificially the narrow,

channel effect produced when channel width becomes extremely narrow between

impurity ranges.

[0178] Moreover, although it is thought possible to suppress a punch-through

phenomenon by suppressing the breadth of a drain side depletion layer as mentioned

above, improvement in a sub threshold level property (S value) can also be desired with

improvement in pressure-proofing by suppressing a punch-through phenomenon.
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{017'9] The improvement in a sub threshold level property can be explained as follows

from reasoning that the volume which a drain side depletion layer occupies is reducible

by using this composition.

[0180] If the breadth of a depletion layer is effectively suppressed when it considers as

the composition shown by drawing 8 (A), it will be possible to reduce sharply the volume

which a drain side depletion layer occupies, and it will be ******. Therefore, since a

synthetic depletion-layer charge can be made small, it is thought that a depletion layer

capacitance can be made small. Here, the formula which derives S value is expressed

with the following approximation.

[0181]

[Equation 4]
S=ln10-kT/q [1 +(Cd+Cit)/Cox]

[0182] Setting to several 4, for a Boltzmann's constant and T, absolute temperature and q

are [ k ] the amount of charges, and Cd. The equivalent capacity of interface level and

Cox of a depletion layer capacitance and Cit are gate oxide-film capacity. Therefore, by

this composition, it is a depletion layer capacitance Cd. The ideal state set to Cd =Cit=0

by reaching and bringing the equivalent capacity Cit of interface level close to 0 as much

as possible, i.e., S value, is 60 mV/decade. The becoming semiconductor device may be

realizable.

[0183] However, the formulas shown in several 4 are 60 mV/decade, without being an

approximation for deriving S value and following this approximation in TFT. The

following measured value may be obtained.

[0184] By the way, with this composition guessed from this invention, you may use

nitrogen and carbon as an impurity range equivalent to the grain boundary of this

invention in addition to oxygen. This is because it is in the purpose of this composition

arranging an energy barrier artificially to a channel formation field.

[0185] Therefore, if it thinks from a viewpoint of forming an energy barrier, it can be said

that there is also an impurity range with a conductivity type contrary to the conductivity

type of an inversion layer about an effect. That is, if it is an N channel type

semiconductor device and is a P channel type semiconductor device about B ion, it can be

said that what is necessary is just to form an impurity range using P ion.

[0186] Moreover, when it constitutes an impurity range from P or B ion, it is also

possible to perform threshold control directly by the concentration of the impurity ion to

add.

[0187] As mentioned above, this composition is the technology drawn by the guess of

this invention persons based on the composition and the experiment fact of invention

which are indicated on these specifications. It is surmised that the short channel effect

from which channel length poses a problem with the semiconductor device of a. very

short deep submicron field can be effectively suppressed by carrying out this
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"composition.

f0-1 88] [Example 3] By this example, another example of a process is indicated to be the

production process shown in the example 1. Before specifically forming a barrier layer,

heat-treatment in the atmosphere which contains a halogen to a crystalline silicon film is

given, and gettering removal of the nickel is carried out.

[0189] It is possible to reduce the nickel concentration in a barrier layer still more

effectively by combining with an example 1 the process shown in this example.

[0190] Moreover, in order that the thickness of a crystalline silicon film may decrease by

heat-treatment exceeding 700 **, there is an effect which makes a barrier layer thin. If

thickness becomes thin, effects, such as improvement in mobility and reduction of the

OFF state current, are expectable.

[0191] [Example 4] By this example, another example of a process is indicated to be the

production process shown in the example 1. Heat-treatment in the atmosphere which

specifically contains a halogen in an example 1 immediately after skipping the process

which forms the gate insulator layer 1 1 1, and forming a barrier layer is given.

[0192] Membraneous quality is improvable by annealing in nitrogen-gas-atmosphere

mind like an example 1 to the thermal oxidation film formed at this time. In this case, it is

possible to constitute a gate insulator layer only from such a thermal oxidation film.

Moreover, the thickness of a thermal oxidation film can be formed in 100-1500A

(typically 500- 1000A) by adjusting the conditions of heat-treatment.

[0193] The feature is [ the point which can produce the possible semiconductor device of

high-speed operation if a gate insulator layer is constituted only from a thermal oxidation

film, and ] that it can simplify the membrane formation process of a gate insulator layer.

However, it is difficult to form thickness uniformly in many cases.

[0194] Moreover, it is also possible to deposit an insulator layer by the gaseous-phase

method on the thermal oxidation film formed at the above-mentioned process, and to

consider as a gate insulator layer with those cascade screens. In this case, although gate

pressure-proofing improves, it is important to make pure the interface of a thermal

oxidation film and the film by the gaseous-phase method.

[0195] Moreover, the above-mentioned process can be regarded as a removal process of a

metallic element (especially nickel), the thermal oxidation film formed at the above-

mentioned process can be removed, a thermal oxidation film can be formed again, and it

can also consider as a gate insulator layer. Moreover, after removing a thermal oxidation

film, a gate insulator layer can also be formed by the gaseous-phase method on a barrier

layer. In this case, although it is possible to reduce the concentration of the excessive

impurity which exists in the interface of a barrier layer and a gate insulator layer, it must

be cautious of the cleanliness on the front face of a barrier layer.

[0196] [Example 5] this example explains the example which applied TFT which applied

and produced this invention to DRAM (Dynamic RondomAccess Memory) and SRAM
(Static Rondom Access Memory). Suppose that g^awing_13 is used for explanation.
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"[0197] DRAM is the memory of the form stored in a capacitor bj making the information

to memorize into a charge. Receipts and payments of the charge as information on a

capacitor are controlled by TFT connected to the capacitor in series. The circuit of TFT

which constitutes one memory cell ofDRAM, and a capacitor is shown in drawing 13

(A).

[0198] If a gate signal can be given by the word line 1301, TFT shown by 1303 will be in

switch-on. A charge is charged by the capacitor 1304 from a bit line 1302 side in this

state, information is read, or a charge is taken out from the charged capacitor and

information is read. That is, it will have a function as a storage element by writing in the

charge accumulated at this capacitor by TFT, or reading it.

[0199] The feature ofDRAM is suitable for constituting the large-scale memory of high

accumulation density, since there are very few element numbers which constitute one

memory only by TFT and the capacitor. Moreover, since a price is also held down low, it

is used present in large quantities.

[0200] Moreover, since a storage capacitance can be small set up as a feature at the time

of forming a DRAM cell using TFT, operation by the low battery can be enabled.

[0201] Next, the SRAM circuit using high resistance as a passive load element is shown

in drawing 13 (B). In addition, it is also possible to take the SRAM structure of

substituting TFT for the same function as a passive load element.

[0202] SRAM is the memory which used bistable circuits, such as a flip-flop, for the

storage element, and memorizes a binary information value (0 or 1) corresponding to two

stable states ofON-OFF of a bistable circuit, or OFF-ON. As long as there is supply of a

power supply, it is advantageous at the point that storage is held.

[0203] A word line is shown by 1305 and 1306 is a bit line. 1307 is a load element which

consists of high resistance, and SRAM consists of 2 sets of access transistors as indicated

to be 2 sets of driver transistors as shown by 1308 by 1309.

[0204] The feature ofSRAM which becomes with the above composition is that high-

speed operation is possible and the lump by the system to construct is [ it is reliable and ]

easy etc.

[0205] [Example 6] The example which constitutes the active-matrix type electro-optics

equipment which integrated the pixel matrix circuit and the logical circuit on the same

base using the semiconductor device of an example 1 and the CMOS circuit of an

example 2 from this example is shown. As electro-optics equipment, a liquid crystal

display, EL display, EC display, etc. are contained.

[0206] In addition, a logical circuit points out the integration circuit for driving electro-

optics equipment like a circumference drive circuit or a control circuit. In active-matrix

type electro-optics equipment, although there were also a limitation of a performance of

operation and a problem of a degree of integration and external IC of the logical circuit

was common, it becomes possible to unify all on the same substrate by using TFT of this

invention.
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[02071 Moreover, with a control circuit, all electrical circuits required to drive electro-

duties equipments, such as a processor circuit, a memory circuit, a clock generation

circuit, and a A/D (D/A) converter circuit, shall be included. Of course, the SRAM circuit

and DRAM circuit which were shown in the examples 5 and 6 are included in a memory

circuit. ...
[0208] If invention indicated on these specifications is used for such composition, it can

have by TFT which has the performance which is equal to MOSFET formed on the single

crystal, and a logical circuit can be constituted.

[0209] [Example 7] this example shows the example which produces TFT of different

structure from an example 1 . Drawing 14 is used for explanation.

[0210] First, the state which shows, in drawing 2 (B) through the same process as an

example 1 is acquired. If the state which shows in drawing 2 (B) is acquired, the resist

mask which was used for patterning of an aluminum film and which is not illustrated will

be removed, anodizing will be performed in a tartaric acid after that, and an oxide film on

anode with the precise thickness of 1000A will be obtained. This state is shown in

drawing 14 (A).
.

[021 1] As for 101, in drawing 14 (A), a quartz substrate and 102 are thermal oxidation

films on which a ground film and 1 10 function on a barrier layer, and 1 1 1 functions as a

gate insulator layer later. Moreover, the gate electrode which becomes with the material

to which 1401 makes aluminum a principal component, and 1402 are the precise oxide

films on anode which anodized the gate electrode 140 1 and were obtained.

[0212] Next, the impurity ion which gives 1 conductivity to a barrier layer 1 10 in this

state is poured in. And impurity ranges 1403 and 1404 are formed of this ion-

implantation process.

[0213] When pouring of impurity ion is completed, it is about a silicon nitride lilm 14U5.

0.5-1 Membranes are formed in the thickness ofmum. The membrane formation methods

may be any of reduced pressure heat CVD, a plasma CVD method, and a spatter.

Moreover, you may use an oxidization silicon film in addition to a silicon nitride film.

[0214] In this way, the state of drawing 14 (B) is acquired. If the state of drawing.!! (B)

is acquired, next, it will
********** by the etchback method and will leave a silicon

nitride film 1405 only to the side attachment wall of the gate electrode 1401. In this way,

the left-behind silicon nitride film functions as a sidewall 1406.

[0215] Under the present circumstances, the thermal oxidation film 1 1 1 remains in the

state where it is removed except the field where the gate electrode became a mask, and is

shown in drawing 14 (C).

[0216] Impurity ion is again poured in in the state which shows in drawing 14 (C). At this

time, the dose presupposes that it is higher than the dose of a previous ion implantation.

Since, as for the fields [ directly under ] 1407 and 1408 of a sidewall 1406, an ion

implantation is not performed in the case of this ion implantation, it is changeless to the

concentration of impurity ion. However, the impurity ion of further high concentration
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{ fields / which were exposed / 1 409 and 1 4 10 ] will be poured in.

[0217] The low low concentration impurity ranges (LDD field) 1407 and 1408 of high

impurity concentration are formed through the 2nd ion implantation rather than the

source field 1409, the drain field 1410, and the source / drain field as mentioned above.

In addition, it is a field [**********] directly under the gate electrode 1401, and it

serves as the channel formation field 141 1.

[02 1 8] When the state of drawing 14 (C) is acquired through the above process, the

titanium film which the thickness of 300 ** does not illustrate is formed, and a titanium

film and a silicon (crystalline silicon) film are made to react. And after removing a

titanium film, titanium silicide 1412 and 1413 is formed in the front face of the source

field 1409 and the drain field 1410 by performing heat-treatment by lamp annealing etc.

(Drawing 14 (D))

[0219] In addition, the above-mentioned process can also use a tantalum film, a tungsten

film, a molybdenum film, etc. instead of a titanium film.

[0220] Next, an oxidization silicon film is formed in thickness of 5000A as a layer

insulation film 1414, and the source electrode 1415 and the drain electrode 1416 are

formed. In this way, TFT of the structure shown in drawing,!! (D) is completed.

[0221] Since the source / drain electrode connects with the source / drain field through

titanium silicide 1412 and 1413, TFT of the structure shown by this example can realize a

good ohmic contact.

[0222] [Example 8] this example shows the example which produces TFT of different

structure from an example 1 or an example 7. Dmwi_ng.l5 is used for explanation.

[0223] First, the state which shows in drawing 2 (B) through the same process as an

example 1 is acquired. However, suppose that the crystalline silicon film which gave

conductivity as a material of a gate electrode is used in this example. This state is shown

in drawing 15 (A).
.

[0224] As for 101, in drawing 15 (A), a quartz substrate and 102 are thermal oxidation

films on which a ground film and 1 10 function on a barrier layer, and 1 1 1 functions as a

gate insulator layer later. Moreover, 1501 is a gate electrode which becomes by the

crystalline silicon film (polysilicon contest film).

[0225] Next, the impurity ion which gives 1 conductivity to a barrier layer 1 10 in this

state is poured in. And impurity ranges 1502 and 1503 are formed of this ion-

implantation process. (Drawing 15 (B))

[0226] If pouring of impurity ion is completed, a sidewall 1504 will be formed using the

etchback method like an example 7.

[0227] And if a sidewall 1504 is formed, impurity ion will be poured in again. The source

field 1507, the drain field 1508, the low concentration impurity ranges (LDD field) 1505

and 1506, and the channel formation field 1509 are formed through the above two ion

implantations.

[0228] When the state of drawing15 (C) is acquired through the above process, the
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tungsten film which the thickness of 500 ** does not illustrate is formed, and a tungsten

film and a silicon film are made to react. And after removing a tungsten film, tungsten

silicide 1510-1512 is formed in the frorit face of the gate electrode 1501, the source field

1507, and drain field 1508** by performing heat-treatment by lamp annealing etc.

(Drawing 15 (D))

[0229] Next, a silicon nitride film is formed in thickness of4000A as a layer insulation

film 1513, and the source electrode 1514 and the drain electrode 1515 are formed. In this

way, TFT of the structure shown in drawing 15 (D) is completed.

[0230] Since a gate electrode, and the source / drain electrode take out through tungsten

silicide 1510-1512 and connects with an electrode, TFT of the structure shown by this

example can realize a good ohmic contact.

[0231] [Example 9] this example shows an example of the electro-optics equipment

(display) incorporating the semiconductor device using this invention. In addition, what

is necessary is just to use electro-optics equipment with a direct viewing type or a

projected type if needed. Moreover, since it is considered the equipment on which

electro-optics equipment also functions using a semiconductor, with the electro-optics

equipment in this specification, it shall be contained under the category of a

semiconductor device.

[0232] Moreover, as an application product of the semiconductor device using this

invention, a TV camera, a head mount display, car navigation, a projection (there are a

front type and a rear mold), a video camera, a personal computer, etc. are mentioned. An

easy example of these application use is performed using drawjngJjS .

[0233] Drawing 16 (A) is a TV camera and consists of a main part 2001, the camera

section 2002, display 2003, and an operation switch 2004. Display 2003 is used as a view

finder.

[0234] Drawing 16 (B) is a head mount display, and consists of a main part 2101, display

2 1 02, and the band section 2103. Two things of size with comparatively small display

2102 are used.

[0235] Drawing 16 (C) is car navigation and consists of a main part 2201, display 2202,

an operation switch 2203, and an antenna 2204. Although display 2202 is used as a

monitor, since the displays of a map are the main purposes, it can be said that the

tolerance of resolution is comparatively wide.

[0236] Drawing 16 (D) is a Personal Digital Assistant device (this example cellular

phone), and consists of a main part 2301, the voice output section 2302, the voice input

section 2303, display 2304, an operation button 2305, and an antenna 2306. To display

2303, it is expected that animation display will be required as a TV telephone in the

future.

[0237] Drawing .16 (E) is a video camera and consists of a main part 2401, display 2402,

an eye contacting part 2403, an operation switch 2404, and a tape electrode holder 2405.

Since the photography picture projected on display 2402 can be seen on real time through
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an eye contacting part 2403, the photography of a user while looking at a picture is

attained.

[0238] Drawing 16 (D) is a front projection and consists of a main part 2501, the light

source 2502, reflected type display 2503, optical system (a beam splitter, a polarizer, etc.

are contained) 2504, and a screen 2505. Since a screen 2505 is a big screen screen used

for presentations, such as a meeting and a society announcement, resolution with

expensive display 2503 is required.

[0239] Moreover, it is applicable to personal digital assistant devices, such as a rear

projection, and a mobile computer, a handy terminal, besides the electro-optics

equipment shown in this example. As mentioned above, the application range of this

invention is very wide, and applying to the display medium of all fields is possible.

[0240] Moreover, not only electro-optics equipment but TFT of this invention can be

used as a drive circuit of an application product as built into an integration circuit in

forms, such as SRAM and DRAM, and shown by this example.

[0241]

[Effect of the Invention] According to invention indicated on these specifications, TFT

with the high performance which is equal to MOSFET produced on single crystal silicon

is realizable. Moreover, compared with the ring oscillator which consisted of

conventional TFT, 20 times as many high-speed operation as this is possible for the ring

oscillator constituted from TFT of this invention.

[0242] Furthermore, in spite of having such a high property, channel length has the very

high proof-pressure property also in the detailed field of 1 micrometer or less, and it can

check that the short channel effect is suppressed effectively.

[0243] By applying the integration circuit constituted using the above TFT to electro-

optics equipment, the further highly efficient-ization of electro-optics equipment is

realizable, moreover, the application product adapting electro-optics equipment - high

performance ~ high added value can be formed

[Translation done.]
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zm-r>x^tzt^i.z>ti&.
[ooi2] *%m<r>*m#3^i$m-?z tea. z.<n

[ooi3] ^t(T)fttbiz^mmmxm^-& wftoyfefo

thizfyfox. mzmffitt-rhm*±iz4tfh'gi£m
mzfSM-fhJ^mt. mmt£iKimi&±izM3mt,z-?
x.?imm*:&m.-ti.jmt. mwBtiknmmizitv
x&&f£zm&T&&mnm$:mwM&m$zitzj:m

commmizj: ommik'Mmmmcryj>%:< t

immZfeirfhJMiz. '^--^rizXOmiS&ik
iifmi^*x^f&i$tiZ%W§£Bf&ti>j:mt^ m

30 ^£&ttmm#lz^xm2<7)l}f®i^$:?roz\t

^tM^^^exsk. wmnw§k*tz&ifz>&3co
ijm^i,z±^m^mt{m^tbtimid.y^ hmm.

[0014] vj±.<r>mmz^r,tzim)jmx'm^&m
40 mz&f&t&t. m9tz^?W:Kc!bm<ommirt%t>tL

z>. m9iiitikmmmvi££i&^&tLx%im¥7-3.2
\3if&ftn^<F>m5*m^x*%Bft$:m&. v,td%&<r>

msL&mz901im&znz> .

[ 0 0 1 5 ] 3r*>\ <TC9mj££*«9 0 1 (±#f^^l±

(9 0 2X'9H2tiz>) izMLximmmz. *>o, sv%

izfflW'frlz&il&mLX^Ktzfr. t£i&Tfttf&-oX

^hb^oWWa^h. ifz. 9 0 3X'^2ti?><Mtfo

50 AH^-3 7tgS!infiS9 0 2*^gt/T#^tftt*^itt
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5.
[00 16] M9 iZ^frfWR&m&tDftSZtzM

BLT. mgkfkft&ZZ^lzWfflm&tXl&tzLtiTE

[ 0 0 1 7 ] HUp. *^<^)Satt^igJ±E«6*)tcJi

hi o tiirn$c#f«^JtaeiEfePa iooivimm

[0 0 181 OJC33WC1 0 0 2T*^Stt«.

0 . tttUMf. 10 0 2tf>gtf S:fr|6l*>£> . #H££fcte&

4J6IS.Hi 10 0 1 A»-5V^Wa&^tf=5r*l^tc^S«SL.3t

[00 193 it. #S£BH?)¥®<fcKg{±. AD^yjc

&±micm (--/-yji-ziimt-tz > y<n&
SXlVatoas/ca? tUb^Si^T'SSLT I

^

^ y ^r/U** 1X 1016— 5X 10 1 Tatoos/ca3 (»i L < li

[00 2 0] fSSSlftciOSAL^ (ISWt^
SnL=tv^) ffi^gTC^ (Cu. Alf) %>rnmzy-/

[00 2 1] d<0^f.

(iJjD^fci^^fa^g^h^LTS-fb^ (ftf-ffcl^) 5:

^&ffeB
a
BS#t LXfflfctZffif&lzZh t&Z-t>tih.

[0022] CL<r)mizVX&flL2tlXit£Ik%Ln 1002

%^m-£i£izm.h.fz#miztc h tmmzti.z> . dixit.

[0023] BP^, [U 1 OtCiJWC 10 0 2T*^Stt2>

mzx.*t\s*c-m%mm.t Lxcox-mmtz, r&tt<ofg

(00241 it, z<nm*t£ii&mi®%Wi.zfm{t
teSotfmrhth cr>Xf*&ttMtfftxo^m.X o t>m< &3L

*<7>fzth. mik&&&mizmjazixz-y'(

5) ^10-135469
8

[002 5] zcomg&mmoo -czmtz (ft

^£ftl=Ji800 —1100"C) aMSfsm\^JS.x^tit>1xhtz

#>. ttX£tzi±mim£&ftmzijtt&&{}Lj$'mmx
mt^Km&zmHmm&LxLto. zuz^ s

[002 6] «£-3-C*3g«5lg^2. Ja±.<0«fc:LT«^

io t&&itzm&i tLx^mLx^z.
[0027] ^^VTKit-ixmMmzsm^Bt^c

fcli. *vl>TWIN'SOSLT^UTiO^

[0028] *5^ti±a«Oi o ^m^LX-^chfe^attS
gtK£f<lffl LXTFTtcft^Six&^«^M<7>i£*yf

20 [0029] fcLttOJ: o tt¥&fl<vmfiLlZ'mX . JJlT

nieiwsiiigMT-t, -oxprnKmrntfr? ztt-r

[0030]

«L^e>V^HR». iih?^^ (TFT) co

sttJi t LTfiira Lfcmzm-. m i {c^rto<±T ft
coiminco—wmx-z, h

.

[ o o 3 1 ] Kcts. *$mmx-#\m?-ziiF&mfmmcr>

30 gaV(h^g{±. ?^mi7-321339^^fg{Cid®$tifztm

[003 2] i-r^^SSr^-r^SfrlO l5rffl^T

10 25:2000A<7)I?$^:^Si-i». S?ft^)^10 2c0

[0033] ^rtJ, afc*ftKS*Rt«-.flrrslB.

40 tfm.^tifi*3m&h0M3U.zi.*)W'?X\^Z>. ±
fc- f&WZ 5X1W^- ZXlOiSatoBs/ctf £Og^*{#i
tiht»tL^. m'lz&iixKmmtwo&ikftzm

[0034] wikm&mm 1 o 3 £200 -ioooa

(*mmx-l±y50 A) <7)I$t«B!sCVD£t:io
XfSMtZ. ^MA'^tLXi±i^^ym/j'^ (S1H4. Si

mizxnimLfci)&mmm±W7M£h{t<omiz s^s
50 £<0¥Ufl^<0gB

B
BArffl£zF2H-£
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[00351^ ^a
B^SKl0 3cOfi£K*^fcL

[0036] 500 —1200AOg:$<7)Kfl3^K 1

0 4£T^X-7CVD£*3tl±Xy\- y^ft^i D«K

104 i&t&'mzmm i o 3 tc*tlt— ^ y/^$rss?w

[0 0 3 7] S^fc^K10 4(cJ:oTSMStLSS«

h1£lc:jgj££*tTV^. (11 (A) )

[0038] mz. wmmm^wz&^xuvitzmM
®^10 5tci:oTSML^f«Be©g^ffil0 3co

[0 0 3 9] =3:i5. *£«grft£ fite^Th&J^tu^h LT
12. Fe, Co. Ni, Ru, Rh. Pd, Os, I

r.Pt.Cu, AufrA>miItUZr-«4fcfcttSR8BH

[0040] Rff^coigjg (^m&ffl-vi±mMMn

Tiooppa) *C— / ^vwt*^ Lit— -/ ^/PfiiKeSffi

^tSllSt^^tm^. (HI (B) )

[0041] mz. ^F«i3»Ha+fcfe^T4S) -c. 1

^S^Jg^TK^ffiL^fto^. 500 -700 fCSW
CC14550 —600 TC^SKT 4—8 ^S^aB#M^ (SSI

<7>$J&ym) SrJfli.T^ffl«S*Kl 0 3^aaaft:$:?T
3. ^ou^Baafieiiio7^i^. (Hi
(C) )

[0042] Zcom, efi«fi«i:tM«*fc<±tt«»o^

1 0 5T*S<x4iRJ^sHffi^HrST^3&^!l#*IfiI(c

*vh&**LTV*4. ^n^«l0 9(iSB
Ha^^S^

6) fiFBSTl 0-1 3 5469
1 0

[0044] »:t:. e^^ftOJrtS«Ha&»Tbfc

^oTtsifc^K 104 . iraai^<7 7

[0045] 3nB. ^An^y^^tOii^+i:'
^M^WW/tftttttl^ 10 7

[0046] <JctC. »^:ftJt*£HHetti^K 107

1 I0fc»j«-S. *^JiTii?g^^EM#S

[0047] iSttill lO^fiEU^ ffltillO
ifcraBaHWT***** M6KR1 1 1 5:200 —1500

A( *3B60|T133<X> A) coJ?$^«Kt"^. **>f h&

[0 0 48] 4fc. K-ft^^Ofti?0^ft^J^>

[0049] <Jct^. ./Noy>^^#tfgHj»(cfei,^

Jlg*&yM (^2<0M£#UI> Cl^SB^SIti:^

X. imm 1 1 O^o^fBc*t^h^K*^^^ (HI (D) )

[0050] ZcoY v f V >^0^^>OftgfiJSa«.

30 ^^^^^t'700 -C^S^^^Tfi^cacii:^
^muToaj^Ti±^-M htmmi 1 1^

[0051] *<7)ti*h. ^^Sn^J^^SJ^Effll^oo
TC&jSisajKTif^. »4t<i4800 —1000°C (ft^

X:) fc XOS^Sti 0.1— 6^S. ft^W
tc(i:0.5— l^Hkrs.
[ 0 0 5 2 ] =0r*>. *SStl£W-C»±. ( O2 ) #ffl^

+£#l/CS<fc*S| (HC 1) 5:0.5 —10f*^%^^jg
40 XttZ*££imm%*tZ&^X . 950 -C. 30*^JnSRS5

[0053] 4fc. 4ciaH^±^Nay>7c«^*trB:

tfXtLX, HP, NF3 , HBr, CI2 , C1F
3 x BCI3 . F2 . Bn m<nt\X2¥>r£^tsfc£i

&l

36*fe»f*Lfc—«4fc(4«SS^ fco£ Jfl v^ d kyas

*^>. 43t. HR^Nayy^TkSftfti/ittSKflil

50 (^k^<t1*) SrfflV^Cli:t>"C&4-
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[0054] CfiDXg»cfc^TJ±ttt££Jtlia^fiW
jiAiUKcfirofl*:-f *Mfivayyfcm (zzxtz

<7>flsffl{ci >rzti.

[0055]^T. StSIl 1 0<frt>—virMtT'<

4 *M&<,z3m*:5-x.ij:\TE&. ( 1X10»«~ 5xl0"at

oe/ci3 . #iL<<iiS^+oxex3ronF> fci

5. 2r*>. TffiO lxio^atoas/ci3 tV^S<iS I M

sim s^-Wr^^iuttrae^^hfiTt. -»x

10 0 5 7] t £ ^A>\ SHfcOS I M S#WCI±f£fil*J

[ 0 0 5 8 ] £ Jfc . y y 9 U V^IgSrfi^o^ii^
ea^eiKttiiV'i' ? y >7wmizmmL/^ny
>-7C^Af lXlO15— lXlO^atoos/ca3 OigST^Iff-f

[ 0 0 5 9 ] =5:*> , - y yMi&i'B{tcomiz$tVi±fci±

•y ^ 'J >j/cOKIJClgfl:-T^^J^TffliL. --/tr

[0060] L*> LiiHXSfiSE-fcttl^H^+lcfe'V^

[0061]i/c, g^L*r**fi&g-#t±?SttH 110

^yay^±colf^-{cJ;->T^iI$<r. Sfcfc,

-^Sffi^icJ: ->TJamiSLT Li r> cr>X\ #tt££ fc

[0 0 6 2] ^t, gfiil lOWwYVSm^X'

7) ^10-135469

[0063] tfc. ±mtem®miz£*)m&mi lot
74 M£ti&l 1 \<n>ftmX'\mMttEJ&tfmiL^ #

its. hup. y-Y h*&»Bi i i<o^mm±cvDmx
^Lttkf^fcX'mfSLZtUzfrtZttitXSao A

10 [ 0 0 6 4 ] £ A>C, Jbfi-'^ayvllffl^tciJltSln^

ms^sm^n^o ztx\ hiesKi i i<?>wm<r>

tth.

[0065] irt:. igttJf 1 1 OliFJJ^-y+^m

20 [0066] mjto«t lt. yw hmm
1) 11 l«0Mit»7Ltt. iKtcy-< h^SSrlS

StS^ft^r/PS-^i O^-T) ^2500AO®

[0067] ^irtJ. *^3fe«-C<±y'W MEf£ ( y-f hffi

/K ^yT'x^&ffll^-fct.T&S. i/i. ^mtt
30 Lft^AttmSK^ y-M Htft LTSffl LT t>

[0068] <iC(C. 0 1 ( D ) IZTrrrmiZT/US. = *7A

yUS-^A^/^-vi 1 2 5rB«-T&. ^fc^O^
flfflLJtl'^xh-ex^ <i^Oii^#$
^T13<. (02 (A) )

[0069] -E-LT. T/l'S-^Ai^/^-yi 1 2

LTt^SKitartT^. ^^^{ii^ffl^SSS
fkS« mi.<f^¥7-135318^-) Srffl^S. iT, £

40 <r>^W&\\LJM\~£ ->T. m-^-vi l 2 ^ISSSlcJi^

?LM«^SBEfl^l 1 3*9g«$ix-&. *H^0l|-C-ii

[ 0 0 7 0 ] S2 ( B ) (C^T^?LS«OSSSE^ 1

13J-fEU^. B^L^V^U^Xh-ex^SrlRO^
<. ^-LT. WgOlilffiSSfciMTd.rfctcJrO,

KSS-ftM 114 Z&fS&h . S^tflSgHtJg114
<7)^@:(±900 Afc-r^..

[0071] ifc. liLhcOlSSr^ryM hSSl 1 5

*JB^-ri». S^=2r^S^fllKl 14(i. ^<OXg(c±5

50 Wf^f hllillS^IJeiU; 1). bD 77^



t )

(8

1 3

[00723 ifctc. S^KSK^kK 114 *.X'&f$LV

fz*>. zcrxmiztsi^v-x/vv-J >W.m£B&r

P^*/W£oTFT£«5g-rS2:£JJB (jKav) A

[0073] zcojLmiza^r . mi&&.iz^matfma

10

[0074] ifcfcr, B&fc U ^KkSSgk ZM&Ltz&
mzm^x. ^nmtcoffitegum 1 1 3£3^0$
*Ufcgfc£?fJgP>f:*Vtf)>f ^-V^XSr^^. -TtfW

*)l>&F-Xm.X'l>r>Xft**>tl&. (S2 (C) )

C0075]tSt, V-XlRiiSl 1 6. KHyfSS
1 1 7 kitl£LT^#fmg<50igVV fig^FtCfijfKt*

118. 11 9*^i£?iT.£. ^LT^f bm&l 1 5

irr^ 1 2 oTSS^sfa^iei^wtft^
«««t=2r^». 20

[007 6] Sr-fc. ^-r^/Hg^l^l 2 0k KW >-

m&i 17 t(vf3£smztuz{gags^msffl£i 1

9

«#t:LDD h H—T KW >fgl£) fgtSk Bffcf

*U ^*7kJgj£pSi£ 1 2 0 k 1 1 7 fcco

[0077] -f-^*/Hgfi£;fP£l 20 (fiBfWi

t&X'f>Z>tii. (7x^5

«S0WKP^Bk^^*4^£^L^T:xF-
7-S^T-*-&C k ZMSfcLX t>£

.

[0078] $ t?lrZ. ±M<r>7F8m4*^aA!S«

[0079] £ti . fcmttMmZXto —350 iCCDiS.gH

fflTO. 5 — 1 3 k SfJ^MTA-S . <I4>HU±$§te 40

SS?3g-f -5 i>cr>X'hZ>. ;»lSJfiia kSi4M+{c
<± lX10»ato«s /cw» fclT. 3J*L<1± 1X1015— 1

XlO^atcws / ca3 COjag-Cvk^A^n^iT-S

.

[0080] LTB2 ( C ) t=^rr«®^'#^iTJt

actcSHffiSMl 2 Jffajfc&gtl 2 1

CtoTflWtSil*. (E2 (D) )

[0081]^. qraattlSffiT-^&^'J 4 5 K£ffl 50

1 ;

*t§l¥l 0-1 3 54 69
14

zz<7>T-®%izmm$:m<:zt#x-z. x>\—7» h<o

[0082] <5C(C. ^EBS»K1 213^^h*-/U
O^fSJrfr^ V-XtSl 2 2kHU-f>^fiil 2 3
k ^Jg^f-S . 3 £tc 3 5 0 x:<D*^fPim4'fc:*>V >r

02 (D) t=^rrrFT*^«-rs.
[ 0 0 8 3 ] m-2 { D ) tcifrTT FTI2JffiH?)*:#>&t>

#«$rfiS3tk$r->TU£,*>\ ^^fifc^gl^Jgfc:
f^O^fg - MJnSrlBi^CkT-SICamM^TF'ngjt
t-r&zutmg,x-t>&.
[0084] m&vmiz-is&m 1 1 o£jgj£f

[0085] ^mmZmfcLtzOrS. tttfcifcJifttf

j6]t=j«oTV^kV^5^SE*»'*-5. feSftSrK^
-r^^S7C^5:S»?Wfc=^arr^Ck-C. ft«±^J±ft

x-i>z>. ze>mmmizwm>km* :£ft'>x^h.
[0086] c x-&mkmtt-r&m¥±iziswMz
Lfz—mm^m 3 izjfct. m3izxn-<Di±. 79

[0087] =2ri3, 3 0 2<r>mkX'nkZ1xZ>&m±=- v

^zmiRmzmA^hfciM>mmittLfz®mx'*>
Z>. 30 3im&£ffig&iW,'>lZJ£'Ofrt)-£-?X

&&2iiJZ&m%ftLfttf1Ffcl,tit%mX't>Z>. Ztih
imtm&&f&LtztkX'ltl^X'ZZ:^tifr£J&X'tFf
ztiz-tz.

^5^-. tt*S*^J±ftt^aaB<i--xr/^Jn®S3 0
2izm,ximmw.ttfa mfiz&^xfrwx'^zti

[0089] fi!-?T. S3<7)«l36«^«c3 0 4&S
S^--&ClkT\ ^-A-^U^lSlk. ff-«S3t{ia*^aBH<0

gamfrk 2r^BS—gcT-&^[6ll-Jffli^ ^ k ^'T'& S

.

UA^. --/^^!jnffl«3 0 2S:SS3 0 l<04e*>£>

SgiX'j^r^«{cSff^-^-kT'. ^^ffitcfcV^TM

SE0)tt^fllA^IS91-r -5 - k firsimX'hh

.

[0090] Zem^mfSLh^h k . f-r*/^|Slktt

«^fc«±ftttfeoBCOM^Tfilk^-Scf-Si kt^rS.
EP*k TFTO?SttSkL-C®l£-rSfS(c. f-f^/UB

^'^t^-^v^ k 5:mmlxa o . mimm.<?>

h ft±tfMWX'Z h<r>X'hh.

[oo9i] 4Jt. lajicockJi. jSB~nttfsf^^
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1 5

[0092] Hte. t\±jm&£X'i£z.Z> iiSffll

3 04 2:9 0* HHES-tt7t^-t.#i.^ixS.

C0093] ^«it\ i&mmz.$t->x*mmt>tfw
SL3ta2 (d) ttztt&^t^w^vmsssm&m
4 tcSrT. 04 ( A ) UN f-+*/H2T FT^mSvtm 10

(I*-Vg #ft) , 04 <B) liPf^^STFTWt

[0094] ffifftOVGll^ h^EM. SESftO I Dl*

V-^/K^-O-HSrgEfx&^efiT-^S. iJt. 4 0

1, 40 3T-^S*l&Id-Vg (Id-Vg fflt«) 13

-f vm£EVD=l V<0^0#ttS-^U, 4 0 2. 4 04*

(9) 10-135469
1 6

* ft* Id-Vg KW VfUBEVD= 5 Vco^O
»tt**LTlr»S. ifc. 4 0 5. 406tiFH>f
ffVD=l V<50^)U-^mcE$r^LTV^-S.
[00951 3r*>. *7S8 (04 ( A ) T'(±-1V JSl

04 ( B) Tfct-lV ISUt) OHW >-^g[ (Ioff)

X10-' 3 A <S5rFm#) JaTT-ftS<OT, S4
(A). (B) X'l±SJXtmmZ1lXL3i-oT\ih.
[oo96]i;r. 34 (a) . ( b> (.z^aztihm

/PMTFT«0«gtfttt (fiES<O20/4385g) cO&gX-h
0. ^2J±Pf-V^STFT<omM^tt (ffiS<O20j5

[0097]
I«l]

(SingleGate)

k«U3*l UL&A1
(WK1V) (VD-SW) (TO-tv) (TO- 5 V) tor*o*1 |mV4Mc| (VD-t VI (VD-1VJ

pro- svi nxj-ev) fTO-4V) cro-sv>

Point 1 6S.S1 20630 1.00 330 7.84 7.79 0.08 82.66 160.91 22634 02D -0.40

72-80 210.05 0.75 335 730 7.76 0.12 71.10i 17121 24530 O.10 -0.05

Point 3 7435 22135 0.45 2.65 822 732 035 8S32 17030 24634 o.is 4X15
Point4 62.6? 201.70 0.40 2.15 8.1 9^ 737] -0.13 79J60I 14133 19738 -0.05 -025
Points 48.07 151-25 0.40 1 60 8.08 738 O.OO 95.12 11339 15326 aio -O.10

PoWO 74-00 221.70 0.30 2.45 8.33 736 0.01 64-31 165.85 24536 -0.10 -030
Point 7 55,30 176.60 035 2.85 7.77 7.79 0.05 62-10 137.19 175.19 0.10 -0.15

Point e 6930 208.05 0.75 435 7.97 7.68 0.11 75.08 185.49 232.56 025 aoo
Point 9 60.91 1B4.05 0_25 1.95 8,39 7.98 0.02 6338 186.68 202.16 035 -0.10

Point 10 602D 180.65 030 2.1 S 8.08 7.05 0.01 7SJB3 137.98 190.16 030 aoo
Point tl 63.43 195.45 0.40 2.40 820 7.91 -0.06 78.77 138.48 210.12 O30 4)35
Pc«*12 63.57 133.45 0.4S 2.40 8.15 731 -0.05 75.78 140.50 207.06 0.10 -O.60

Point 13 68.51 211.45 0.40 2JB5 823 7.87 0.01 78.62 160.14 222.11 - 0.40 -035
Point 14 m.73 204.05 0.40 2.10 822 7.99 -0.02 7436 14821 220.63 030 -0.50

PoinllS 6130 13535 0.45 2.35 8.13 730 0.05 61.25 137.90 205.02 0 00 -0.45

Pok* 16 68.70 208.75 0.35 1.90 829 8.04 -0.O1 7123 151.01 22737 0.15 -030
Point 17 68.18 211 .SO 0.40 1-80 823 8.07 -0.08 71.10 148-36 223.84 03O -0.60

Point 18 6332 19730 0.40 1.65 820 8.08 -0.10 75.G4 14234 205.02 020 -035
Point 19 GS.07 201.25 0.60 2.70 8.C4 7.87 0.17 8723 167.03 216.19 025 -0L4O
Point 20 70.37 210.80 0.C0 2.05 8.07 8.01 0.O2 79.04 18228 229.81 020 -0130

6S37 200.01 031 2.47 8.13 7.92 0.01 60.00 140.75 214.59 0.15 -0l29

6.40 16.87 0.20 0.71 0.16 0.10 o.oo 6.78 15.16 23.19 0.13 OAS

[0098] K [3c2]
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(10)

Pfv^AMTFTaSe* (SingleGate)

**BFF1 0-1 35469
1 8

(VO-SV)

(VO-CV)

(VO-1 V)

<VO~CV)

(VD- JV)

<va—< v>

kn**z (VO- 3 V)

»_«<pAl

(VO- 1 tQ

<Q_0*pAl

CO- 1 V)

(VO—8 V)(vo-cv»

Point 1 30.07 68.22 9JZ5 50-25 6.51 636 -1.11 8635 11832 119.60 0.10 aoo
Point 2 3637 8833 230 46.70 7.15 6^7| -033 80-24 13138 13730 035 -0.20

Point 3 aafio 85.97 2.90 73.25 7.10 ao7 -055 96-47 13337 138.47 0.15 -0.10

Pont4 3633 esjzi 3-35 53,60 7.04 6.20 -058 87.55 137.19 140.00 035 -0.20

Point 5 3530 73.59 3-25 39.40 7.04 631 -1.14 7737 140.71 142.24 0.1

0

-0,20

35.72 8138 2-55 30.45 7.15 6.43 •136 7331 14137 141.78 0.10 -0.05

Point 7 34.37 77.74 530 73.60 630 6.02 -1.10 8233 135.15 136.94 -035 -0l2O

Point8 40.70 100.42 10-20 10735 6.60 5.97 -0.77 73L26 13138 147.90 0.10 aos
Point© 40.70 10031 4.00 45.00 632 635 -0.76 7530 13133 147.14 0.15 -0-25

Pert 10 3239 74.68 5.75 132.05 6.76 5.75 -1.10 64.48 127.78 12930 ais 0.05

Paint 11 37JD7 68,45 430 67.45 634 6.12 -037 7634 13035 137.45 040 -035

Port 12 3032 68.83 1.65 37.55 7_Z7 626 -1.1S 9031 12032 122.15 030 -0.30

Poht 13 35.17 78.32 1.35 55.50 7.42 6.15 -1.15 8538 14331 143.82 0.40 -0.40

Pont 14 32.07 72.71 130 36.40 7.25 630 -1.10 86.48 12436 128.74 0.40 -0.45

Point 15 3336 75.57 6.60 120.40 6.70 530 -1.10 8430 13136 132.65 0.40 -035

Prfnt16 3229 75.10 330 4730 6.96 630 -131 8433 12235 124.64 025 -0.36

Pan* 17 34^8 7633 4.40 64.35 630 6.06 -1.14 83J28 14138 14136 036 -035

Point 18 31.01 69 91 5.40 253.99 6.76 5.44 -1.18 9737 123.17 125-46 055 -OL50

Point 19 36-26 86.80 530 52-20 6.80 622 •0.89 7936 12633 134.64 Q.40 -CL2S

Point 20 37.60 ©3.11 250730 17345,00 4.18 3.73 -0 8O 8934 125.40 13634 0.15 -030

34 96 8134 129.6S 937.03 631 539 -132 8438 13030 ' 1353S 053 -0l23

aoo 9.49 559.79 3882.36 0.66 038 0.14 634 738 8-24 0.18

"9-r>tlx-/^3/^H1$tt (SI. S-value) £*60—100a 20

* ) #150 —300c*2 /Vs t^^mizmbXzk^^^tX'

[0 100] Z.ixt>tOi^f-?UV&tzCOT FTTii3^
j£^SK^-C*> 0 . 4 S tc*^tci: £TFT#«J£
tPa-b^fmL^MOSFET icEft-?-* ®a6TiStttKc

TFTr*& <1 t saw LT V

.

[0101] 4fcH*#c. *^;ci^TFTii#^tc
^{tt^u- £ LM&zXhtm^iWM\zX 30

oTW8SiVCV>6. g^WcJi^^f^rSTFTii

J;£TFTti;5S{fc &*>T^iSEE1^£^LT

[0 10 2] 4*:. ^2C<i##fcLT^Mi5
ir^m^dn Clears.

(eft 9 fc-f& t . ¥*3fcf£+'M3± 1 <*Ortlc3:fr<7)6

8.3%. ±2 tf<?}|*UC95.4%. ±3 aOI*JtC99.7%A»*A 40

[0 103}*^4>lt ^HI^TFT^^
iiSriOjBGI^fifi-r^^. 540fi<OTFTS:ffl5£:

IS*. Se^^i±80.5mV/dec(n-ch). 80.6mV/dec(p

-ch)T'fcO. !U£iIIKi5.8(ii-ch) . 11.5(p-ch)T*-j

4fc. ^iftS(oax) ^^4tm94.<fcB2 /Vs(n-c

hh 131.8cm*As(p-ch) 9 . «HMI28i38.5<n-c

h). 10.2{p-ch)Ta>ofc.

[0 104] EU*>. *»W£flSLfcN^*/l«TF*50

( 1 ) SgcO<yg7>'10aV/decmrt. #4 L<<±5aV/dec

( 2 ) S^80±30.V/decJ^rt . 4F4 L< <i80±15aV/d

ecJ3U*Jfc«4*.

( 3 ) xtFE^crg^'40ca2Asl^. #4 KijS^As
mrt«K4&.
[0 10 5] 4fc. *f^?:«ffiUPft^HTF

(1) SMc0<J®#15aV/decKlrt. if4 L< iilOaV/dec

( 2 ) 80±45«V/deciart . Iff* L < ^80±30mV

(3) /zFEtOtffi^lSc^/Vstlrt, «14L<{±10cB2As

[0106] «JL^ffitC. <t * T F T\mthX

±t:ff» L MO S F E Tco^ffiffl$ tlX I

MSRAMH^DRAMHSf, Si^Slf^^^t
-rs ®s&^m^-rs «r t /^regTA s

.

[0107] ifc. *HJfeCT"C(±^^^/Uy-f Ftrjt^O

hS^TFT^fLKLhO^M
y-f h«Bt^TFTt»LTfcaW-r4C:fc#rS6.
[0108] £fz. ^WWm^n&S&ZlStibh^
fcrseRrsftfcwfcor. asMfefipiipt-kotft

ft0 10 9] C*^T-^^fL£ifeBQH*fit*(cK^-£3aJ



1 9

ikmm&t f&<D*&T'&itit$tifcmi,
affi3mkcount

[o 1 1 o] mi liz^r^m^ msmicr^mxn

s. fio^.. s\&y>^£&ttm$#tm£ft&~?x^%:

[o 1 1 1 ] hi ltzts^Tmsx-zzmz^ t£&tt&

1 O lrS&iiSnrt) J&tfefiETS. LA'L'W^ EI 10

[0 112] dtf^Ji, ^HBCtJf'T^a^-'ioc^*
^ttwm^x-^imf^mimskit^mic^ < s^-l

[O 1 1 3] 2t*ma
a
BlfSWi> MR

Ofllga^^fi= 5 - i: -£3kFB©g^&£ fefaitU 900 20

~1100X^<OiaST«5®Efl^!yi^i£UTS-&.
to 1 14] i?xkcom<zLxfm.Ltimi!&i£mm^
mi 2iz*irrmiz®«comi&mi*:z < . 3F«ffl{e#ffi

[0 115101 2fc:iStvr, feSfai 2 0 ltt^SSfl

=5:©^1 2 0 2i=J:oTH*fut«eSt^:oTlr^S. fi£

0X % HigKcH 1 2 IZ^-f&Skffim.fcZTFTOStiJf
fc Lxmm-tZ t . TRBKrg* 12 0 2 tcJ:r>T^

[ O 1 1 6 1 — 010 (=a??ttttRAfl|]fifttt. 0 30

1 Ot^-rmtc. tSAfMH 0 0 2*^-&m^c0fflMiJtt

[0 1 1 7] Srts. *9g^4imtt&&Mftttf££?>

fti^uttt^eeaay^iF^Kjtff*-*r&*&4<«*

[0 118] OLWWiJJWyi,
ttl£Al>l*]SC£t a £ .1OlMHix*/Wf—Wfc^g

[0119] ULt^«(C HRt^Ta-feXTtftRUkL
£f&M££RKMtB 1 2 <cji?r&&|gAflEft£*-U * 50

(11) SSflO-135469
2 0

[0120] L**Wf*<&. 44H!fc:J:Sl&Att»SR
im i o u ens*ww*-

S , E0*> „ * -v 'JTJiM^aW? ft*£ i: =2: <liArtfe
$T^firTS gftT^V^iSiSSr

[0121] $flc. *%aHtJ:0^^Stf«i3tJ±€t

l>coE&£m£&3lzj$.g:VX\*< bXtbtLSSXit

[0122] *fgBB#^,<oiiffl*qELfmif. *fSfi*c

ittx-ffifezti-h3;<mL^m&mm&X'hztwx.
*

[0123] CWIW2D«MflF!J««(tMl"CSLft:
TFT-Ct)oTCMOSH8S»*t6WCfcS. CM
O SES&ilS&BH 1 ^L£fl&ffifi^N?-* *n<fiT

mo SH»*»««^r^±3»3QfiMCR^fc fcwti

[oi25] i iz^imzmtzm->x * 5

~>^-r£^hWONft*/UST F Tcogtt® 5 0

3 fc P-^-r^IT F TCDimm 50 4 t zmfcth -

[0 126]jgfii503, 5 04^MU^h

Hffi^lhl^Dtcot-r^. -9 tT. 7£tti503,

[0127] »c(c. atcy>f h««O^Sr«*^-*r

[0 128] CI 5 LTS35 (A) <^mti^t>ixh„ T
/U$- r>Alc7)A7-y5 0 6 . 5 07^MU^.

A7-y5 06, 5 0 7<7Mm[z^n<nmW&KM 5

0 8. 509 SrJB«-rs . *HJ6«T1iC:o^?L«<!0»



(

2 1

^HtK508. 509O&J?£0.5 umt*t&.
[0 12 9) $^>(c msm 1 1 Hato^arcfc ->xm
^Ti£@#l©&BHfcK5 10.51 lco&f&Zfto .

BE^^fiTTS. <r<DXHfc:J:9^M hmSE5 l

2.5i 3im$?rz>* zovxms (b) ok&ks

[0 13 0105 (B) 0>ttS4W&*l&&* >M h*ft

z>. zco^y+yynMX'teyj hm&5 12. 513
±5J:lf^?LS«O©fiiKftJS5 0 8. 5 0 9^x^i:

-f-y/ftt«.K«WBWB«508. 509^
~T£h05 (C) co#!gi:2r&.

[0131] <»c. P^*/USTFT
UTi/^'Xhvx^ 1 4£Jgj£U NS?:tt4t^^
ftfefcUP ( »J ^ F-trvm. <noK'

—b^ii. JnS^BE50KeV . h'-Xl 0.1— 5X1013

atons/cm2
. L<1* 0.5— 2Xl013 ato«s/c^ ate.

s/cm2
.

[ o 1 3 2 ] c<o h-v>7JLm±s£&mmnj±ifm

&m5 0 3^tfT-t?&£tLZ. *com^ 5 15. 5 1

ex-^2tLZ>mmzP'4*>'tfmnZixz>. 05
(C) )

[0 13 3] 05 (D) Iz^-tXolzWTSPJj-

KeV fcffi#>£^5£L. K—XJ£$:0. 1 — lXlO^atoss/

cm2. #£L<ti: 2— 5xi014 atoBs/cB2

xg^*. ^jg(cp^7r^^5n$n^s^5 i

7.5 1 8^^$tL^.
[ 0 1 3 4 ] 05 ( D ) t^-rXg^TL^^TN
^v^STFTco?Stt^*5^-r^. Sfl*>. N*-r*
;HTFTOV™^SK5 17. Kl/>f >1fi«5 1 8

.

ffiigJ^M^^ (i«iLDD«K) 5 19. 5 2

o . f-

a- */wgfltiS«521 tm^tz .

[0 13 5] 06 (A) t^tJ:3Ki^)Nf

h. *LT. B6 (A) tc*-r«®tct>v^PS*ft-5-

COB J *>cr> H-b-y^t P >f *>0)l%&t Fimz 2m

[0 13 6] Ugg^B^VcOK—tTV^iJlfiS«BE

30KeV . K—Xfi£ O.W 5Xl0Matons/cn 2
. L

<ii 0.5— 2X10^atoic/ca2 SJSfc-TS.

£0 5 23. 5 2 4"C*3*L-&fS«fr-B>f3i->'*saSftl5

(16 (A) )

[0 137] 2ea^B^^->-c7)K-bV^iMg^EE
9CeV . K-X1:£ 0.1— ixl0isatons/cia2

. #4 L
<«i 2— 5Xl0i*atoas/cB2 SJSfc~r^>. ClCOXgtCi

12) ^¥10-135469
2 2

JBttSfti. (06 (B) )

[0138] iSLhOXSfci 0 Pfr^STFTOV

K(££IiLDDffi«) 527. 5 28,ft*M«
1KK5 2 9

. [0139] <Jcfc< S6(B) (c^rXg^Ta. V-

^XhVX?522£3*Df&£. aM^HfcPr-ir-*

[0 140] mz. «BHfiH«5 3O^4000A<OJ9[S(z:

j£R-TS. ^S*eSK5 3 0«S<fc^lS. BHfcgffcS

ML fflfcSSSiL *tMSBfi*oiY^Tt>A<. *

X7CVDS, SCVDS, xtr>-:3— h&ifflvxhJf

[0 14 1 ] tfclcnv^h*—/l^»gjSSrSVV N-f-

20 TOy-Xfg5 3 2 tmfcth . i*:. FHyf@
5 3 3liNf^*/HTFTt Pfi-^HTFTtT
^trtSHftWfctiiii-cc MOSH»*S98HS*L

(06 (C) )

[0142] Ja±<08%33S£&T. 06(C) tc^f-

«3S-C=5:*CMOSigHSrf3W-S <rt3^'CSS. CM

mmzmfaTzmzm *uti* ,

30 [01431 zzxm7 (a) iz^±m^m^ *m
»W=«-7Tff»L3tCMOSigKS:ffl^*>*T««

x-mzLfz.
[0 144] =Sr*5. 07 (A) tr^ru-v^sxu-^-

40 [0 14 5] 4fc. 07 (B) t:tt*#t LT^7 hlx

^X^lHlKO^K^^t". 07(B) CCiFi-->^ h US^

x * 0ffi<ii£f£ Lfcffliaa»IiI»Sr»flW-*»fcig8

mzn\<*mit3scc(nmn£9t& tts.-
[0146] U ^^^l/-^lHlSc7>^S^&Sii9

.

19. 5 1tt(S) ^CMOSBIKftSLfc'Jy/*
isu-?x-mj£Lfz. ^^s. msmBE3-5v. 9

50 V^i/U—^T" 300MHzUUL. 4»(^(i500 M



23

[0147] Zix^^tmX&imjMX'imLfi:

v

k£Si*LT^£. 1~5V<0«HT^S*JEE£

[0148] J2Ub<0lil=. *5K8?r*iIffl UfcCMO SHJ

wet, p®^<«3aw^$-frs^fc*«regT'fco. a

[0 149] f-^*/kg**0.6 *tmkflStf>TS

[0150] t*mi<omf8.frt>mfrtizm& mtm

ft«iwj ifixm£itmz&i\x V^

[0151] *5Wmt>l±~ #|g$!tCj:£TFT<7)Sffi

frlm^m&t LXftVi£tzli&m£i,B<?)mSkf!L'fcom&

iw&Ltz. wh. *%w%t>izi- jr*ti<m&ffl&izm

[0152] ^*W(C{±, gJa&fW^lC Kl/-f >-^i£

(01531 i-;Uh£ £ k*">£ k . *«fl£J: 6t£At£%

Oi8f£ £gt*: LT V *h k -

( 1 ) -v 'J T^ftl"* (*t'Jric!:->T) H^W

( 2 ) ** 'J TO»i6£fii»]r-S.Xlif-^^^|Sl (

y

[0 154] &ot. ±ie2o^ffi^2:#i7t-r. &i-r

(13) ^§3^10-13 54 6 9
2 4

t-t&zt x^mitfK-rm*&ft*itmcoTft^

[0155] JjLh^««<i, ^DftfflSrJtiTTii*

CI kTH«cO$&«S:#* CI fciPT^ SfOTil.^^k^

[0156] *3&^£>(±g^*/P3&^

[0 1 57] &^*rt-^fc(i/L£^graBBEtoffi

c±T-i£*{6^kTy-xaot£i!tmcb^®TL. y—

[0158] x^^m^^i^^m^EM^m
*{=aaLT. ^^/P^JO-Ol—2 P-mmsg<7M3-x

20 ^TFT(Ct>^TJ±. ^^/l^jfcfgigfCptfLTA^
W:*^^W{e^«JfgJg£^t£ CI k T\ H L-f >H

[0159] zcomzmfcitis&Mims^jFrtmzm
f&t-tZZtxm&XZ2>£i$z.t>1x&. i8 (A) lc

iJlvr. 8 0 1li7-XlB«. 8 0 2liKW Vtglg.

8 0 3 <±^- -v */WBj£fgi£T* 0 . ^+^^8
0 304>«c«iA^Wf;:^f#fe^iS8 0 4;WBj£;**U>

.

it:. fi-*;l^tSa8 0 3«^, ^!ft3fg^8 0 4fel

30 ^t^g^8 0 5(i. ^Wt=S1±=S:®^T-* 0 , =¥-v 'J

[0 160] CClti8 (A) (C^iifitti. HlOtc

Wh. mi 0C0 1 0 0 lX'ni2tl.&t£i'B®.m±M
8 (A) <7>^3$?*lfgi£8 0 4l;:ffl3U 01 0?>ft#£
fclittMM8 { A ) CD*+ 'J T*^i!)-r'&«^8
0 5(Cffi3-r-S>60T'J>-&.

[0 1 6 1 ] Sit. -f-^^Wg^fgi^SO 3rt(CffiS

$A^7»E4lriSiC8 0 4{±^-r^;H^fi^rt{cJigP&<j

40 tCb'/U h ^-r^iz-r/U (i^/^-ilt km*.

[0 16 2] 08 (A) 5rA-A' X'WmLtim
wmzm8 (B) izt^-t. aoemmmmzii-r&m
mxh%. m8 (a) stb-b 1

xmrnLtzmm
®&m8 ( c > tc^-r.

[0 16 3] =5:fc. M8 (C) tlfc'V^Twpi.nti^F^

S«8 0 4^S:SL. wpa.riiJf-t-UTA^arrS^
50 gOtsSrfH-. :;tn, m{±^-T*;l^^«^8 0 3



(14)
25

wpa, *>'m#B <0=*r 'J TfrT^UrT-SfRttrfthZ-hi

[0164] «-)T. *^BJfciSTFT<^5^tf5m#

pa (wpa, B5:l~mi-CKni/ce*I) £ftAL=5:< T<±

1016 5]
jt/FE= 1/ Cox (Aid/ AVg) - 1/Vd-L/W
dTCoxtt^M MHfcKgfi. Aid. AVgtt-f-ft. 10

li KH VIS , L , W<±-efx.m^-r */i^*> j: tr-?-

[0166] Ufr»l,&P&. SIS&WSrf-^^WBWpa*

X^hk&iLklxZ.
[0167] ifc. ?Ftt?*lSlSSrH8 (A) Iztjtrm*

[0168] ^i6Jg ( //fe) a^mitm ( c: -rTi±ssg

mmmizmtzwcmtt&^^tTtmnsLt. izxjmz
zK^&&mL^xmfc2ft&i£mtt:&m%.

[0 16 9]
[iai ]

30

[0 170] C<D£UT'^£ix-&5£t4. ^W^t^iilS

lattice c7>^:fcJ:r/^J$1Mfc&<Ol^5:

^iftim^co^mmui ( i<iinpurity£si*-r&) ^

[0171]
(S2]

-S2 -3/2 ^
^1 oc

[0172]
[S3]

oc
-1/2 1 3/2

(m*) NiT

[0173] CixA><7)^c J: S fc . f--r */l^j£fRii££

01 21C^-T«B£<7)^-.

*l-cv»*«o-c. ** ,JTi>*mfr$-hm.mzi&F&.'toff 50

^^10-1 3 5469
26 r

^Bnsn-r. 3^ 'J Ttcfc -yxmrnMizmteTfrz .

[0174] a^W(C<il&3tci>^T-f

fcTOtttOffleNi £IE 9 3r< 0 (cjfi^tts <I t SrS*

Ztlz&Z,. ID*,. ^3B5r*Effi^-

3 <! ttfXZ ZWglztTiFmiZm&iZ-tZZtZS.

^x\.*<ttmztL&.
[0 17 5] 08 (A) tCfc^T^Ftt!Bsffl«8

0

^fcuasrrfts. aiot^uttf

[01761 ^OttfrSSfc Lfc*6\ ^r*e«s««8 0
4{± rSttcofeSSIf-j t LTg£*Hi: ;f;g3*l.£cO

-rz±x?t&izMg&:mf$x't>&

.

[0177] ifc. JiUtco«^-«^fc-rs«r Sf-

si zmz-tz. timmx't>zt^omzizmK tst-

[0178] * mi&rtmz Y yfflZEZMcofcfr

vffi&<oft±.tmz^-y^ ,v yw& (si) co

[0179] t/XU y is 3 >V K»ttt<50|fi]Ji{i. *m&L

C t tfX'Z -5. fc lii&*^JaT^«tc^£KT-^ S

.

[ o 1 8 o ] as ( a ) x-^m&t Ltzmz^
lz2szm<7)fc&*)i)WfflZti.&%:L>lf^ Yu-om&z.
mw&frzm%£*miz%it&cLti)*5imx'%i±tx'f>

3£2m&M:£'b$<X'Z&t^z.t,thh. ZZT. SM.

[0 18 1]

[S4]
S=ln10«kT/q [1 +(Ckj+Cit)/Cox]

[0 182] IS4tCfc^T. k{±#/U'y7>^Sc. T{±

x. *ffimxiigzm&s-cd &£V!?mm&<vm&&
aCit^OCTig^KO^^CtT/Cd =Cit=
Ot^m^m. HI^Sg*S60nV/decade t=Sr-5^
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( 0 1 8 3 ] fe£U &4 t^$ix^^{iSMS:^ai-r
£/^afr<Oi£«l#C*9. TFTTte^iSttSfclfob^
tC60«V/decade &LT<0&femtmt>tli> Zth*>&.
[0 184] tz?>x\ *¥tm>t.imztiz*mfsx-

[0 185]fi!oT. x*Ar4r--PtB£JBj£*-&&t*5

[0 186] 4fc. ^ttll^cfcPi/cttB^^TlJf

[0187] KULettKfc:. *fit«(i*^«Sr^-rS
3&aflo8il£*5 J:l^f^PIIS- & b \z^m%h<?mmi.z

[0 188] (mtm3)*mmMTiim%Mi^L

[0189] ^mmmiz^-rzM^m&m 1 1m^st?

[0 190] 4*:. 700 X:5r^i.SlJI^(5S|{cJ:oT^

mMb\^fz&}%j}mftX'Zz>.
[0191] tmmM4 D *9d£ft?tt23E&i 1 iz^L

fzimjLmbim<r>T.mmz^-r. &ftmzi±m&m 1

[0192] znsm&LZixfzmMttMlzttLX. HiS

09 1 tRW=s&smss#-cT--A>i-6z bxmnz

SBOtomittM&Saftfr£3NI-*-& CI t T'lOO

—1500A (ft3Sttfc:i±500 —1000A) <7)&HT'Jgj£T-£

S.
[0193] •BEftHW^T^'f H6SR£l*frr4 k

(15) ^i¥10-135469
2 8

u mm^m-izm&i-r^^bifimm^^^^.
[ 0 1 9 4 ] ifcJt . _teiST-^fiES#TJtl!6Kfl^0Ji

y<< Miffimji-r**8
, gffiHfcKkSvffl^fcisigik

[0195] 4fc. Jb^Cgfc&gjc^ (mz--yy

10 NUR£Ifc£LT* SJBMMfcRJHBftUty-f htm
mb-?hc\bi>x-zz. 4*. *ie^K^i^L^a,

[0196] 3 *Setfc0TCfct* *f&«5!£i5Ja

LTf^SL^TFTSrDRAM (Dynaaic Bondo^Vccess

Memory) tiitfSRAM (Static Rondoa Access Meao

ry ) izi&mLtiMiz'7>^xmti-z>. wm&imi 3

[0197] D RAMliiSiTf&fif$g£mWk Ltny

$gk LXcr>1g&r<7)liiL7JxlZ. zt^r^izWfUztm
3iTJtTFT(C«t-?TS«JW§ixS. DRAMWIIO^
^ 'J -fc/P£ fll^-T&T FT k3^-rV^IUK^a 1 3

( A ) (C^-T.

[0 198] «7—KfinOlCiit^ hft^zr-^-

Lhixhb. 1 3 03T-^$fL.STFT{±^ii«Sk^:
5. CiOttBT't'-y htll 302fflK3>f>lM 3

30 0 4 tWt*i3tmSixTffi^£§£^33X/S'0 . XML?z
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